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Autoimmune inflammatory rheumatic diseases (AIRD) include diseases like rheu-
matoid arthritis, lupus erythematosus, spondyloarthritis, psoriatic arthritis, sclero-
derma, sjogren’s disease, antiphospholipid syndrome, and many others. Initial 
diagnosis is noted in children as early as 2 years of age and continues throughout 
adolescence into late adulthood affecting women through menopause. The burden 
of autoimmunity is several times higher in women with a female/male ratio of up to 
9:1. The peak incidence often occurs during the reproductive years and may vari-
ably affect both fertility and pregnancy outcomes. Impacts on pregnancy can lead to 
early miscarriages, low birth weight infants, as well as adverse maternal outcomes 
with increased morbidity and mortality.

Furthermore, many of the conventional therapies for AIRDs may also affect fer-
tility or are contraindicated during pregnancy. The advent of newer therapies, how-
ever, has led to improved disease management and increased the likelihood of safe, 
successful pregnancies. The care of women with autoimmune diseases will require 
a team approach that includes health care providers across a spectrum of specialties 
including primary care, rheumatology, obstetrics and gynecology, materno-fetal 
medicine, and pediatrics. Understanding the unique needs of female patients 
throughout the spectrum of their life experiences from menarche through meno-
pause can lead to increased health and wellness with far-reaching impacts on the 
society as a whole.

This book, Women’s Health in Autoimmune Diseases, provides insight into the 
pathophysiology, management of autoimmune inflammatory rheumatic diseases 
through the life journey of a woman, including pregnancy. It is an important land-
mark contribution to our understanding of the uniqueness of women living with 
autoimmune inflammatory rheumatic diseases and will serve as a roadmap for 
health care providers who are challenged with caring for this important sector of the 
population.

Association of Women in Rheumatology  
New York, NY, USA� 

Foreword

Grace C. Wright
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There is no dearth of books on rheumatology but none with a special focus on rheu-
matic diseases affecting women’s health in autoimmune diseases and its bearing on 
pregnancy and pregnancy outcomes. This book aims to fill this important gap. Even 
while miscarriages, preterm deliveries, and neonatal mortality remain a concern, a 
successful pregnancy outcome is an achievable goal. Good pregnancy outcomes are 
possible with close prepregnancy counseling, risk stratification, early recognition of 
disease flares, and its complications, both medical and obstetric. Of the several 
issues that confront a physician, the timing of pregnancy is of utmost importance. 
The presence of active disease correlates directly with a higher risk of adverse preg-
nancy outcome. Thus, a pregnancy is best planned when the disease is quiescent. 
Further, the immune suppressants should be discontinued a few months before a 
planned pregnancy. Meticulous pregnancy care and the availability of a multidisci-
plinary team are cornerstones to optimize the maternal and fetal outcomes. We hope 
that this book will be beneficial for an internist in general, and a rheumatologist and 
obstetricians in particular, besides being helpful to other related health-care profes-
sionals. This endeavor would not have been possible without the invaluable contri-
bution of esteemed authors. I earnestly hope that this book forms a useful addition 
to your shelves. Happy reading (!)

Chandigarh, India�   Shefali Khanna Sharma 

Preface
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1Does Genetics Play a Role in 
Auto-immune Diseases?

Himanshi Chaudhary, Amit Rawat, and Surjit Singh

Abstract 
Eighty autoimmune diseases (AD) have been identified to date, and they affect 
5–10% of the population. Familial clustering is evident in many autoimmune con-
ditions. A higher concordance of disease association is seen among monozygotic 
twins as compared to dizygotic twins and other siblings. With advances in genetic 
diagnostic facilities, a variety of genetic studies have been developed which have 
established genetic associations with AD. This chapter aims at providing an over-
view of the genetic profile of AD and the main determinants which define the 
ultimate phenotypic manifestations of the genetic variants related to AD.

Keywords
Genetics · Autoimmune diseases · Autoimmunity

1.1	 �Introduction

Autoimmune diseases (AD) are a heterogeneous group of disorders characterized by 
a breach of self-immune tolerance. As a result, autoantibodies are generated and 
these result in damage to various organ systems. These autoantibodies are of two 
types: (1) organ-specific as in Type 1 DM, (2) autoantibodies targeting autoantigens 
in multiple organs and hence having multiorgan involvement (seen in SLE). Eighty 
autoimmune diseases have been identified till date and they affect 5–10% of the 
population. These diseases are of considerable public health significance [1]. The 
likely etiology is not clear and it has been postulated that a combination of genetic 
and environmental determinants decides the susceptibility of developing an autoim-
mune condition in an individual. Genetic factors have long been associated with the 

http://crossmark.crossref.org/dialog/?doi=10.1007/978-981-15-0114-2_1&domain=pdf
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pathogenesis of AD. These are believed to be responsible for the dysregulation of 
self-tolerance mechanisms. Familial clustering is evident in many autoimmune con-
ditions. A higher concordance of disease association is seen among monozygotic 
twins as compared to dizygotic twins and other siblings. With advances in genetic 
diagnostic facilities, a variety of genetic studies have been developed which have 
established genetic associations with AD [2]. Over 130 GWAS have established 
AD-associated alleles [3–5]. The genes are involved in transcription of proteins for 
important cellular pathways (e.g., apoptosis of cellular fragments or immune com-
plexes, regulation of innate and acquired immunity, generation of cytokines and che-
mokines). This chapter aims at providing an overview of the genetic profile of AD 
and the main determinants which define the ultimate phenotypic manifestations of 
the genetic variants related to AD.

1.2	 �Epidemiological Analysis of the Genetic Basis of AD

The worldwide prevalence of ADs is estimated to be 5–10% [6]. The American 
Autoimmune Related Disease Association (AARDA) has identified more than 100 
ADs, thereby making it the third most common disease etiology in the USA [7]. The 
estimated prevalence of all ADs in the USA is 50 million and the likelihood of a 
woman developing an AD is two to ten times more than men [7]. As per estimates, 
women account for 58% of all diagnosed AD in the USA [8]. There has been an 
increase of 19% in the occurrence of ADs worldwide [9]. ADs have been seen to 
cluster in families [10], and their co-occurrence in the same individuals has been 
shown to be higher than what can be expected by chance [11]. The familial cluster-
ing is well known in association with Rheumatoid arthritis (RA), systemic sclerosis 
(SSc), autoimmune thyroid disease (AITD), and systemic lupus erythematosus 
(SLE) [12]. AITD is the most common disease encountered among first-degree rela-
tives. Familial occurrence of celiac disease (CD), (MS), primary biliary cirrhosis 
(PBC), multiple sclerosis, and antiphospholipid syndrome (APS) has also been 
noted although concordance among family members is less. There are also reports 
of co-aggregation of multiple AD among family members (i.e., polyautoimmunity) 
which means that different ADs are seen in different members of the same family. 
Type 1 diabetes mellitus (T1D), SSc, and SLE share susceptibility gene polymor-
phisms and can be seen to affect different members of the same family. Sjogren 
syndrome (SS) may occur with other ADs such as RA, SSc, AITD, and SLE sug-
gesting common genetic pathways. ADs do not follow the classical Mendelian pat-
tern of inheritance. These genetic factors are influenced by environmental influences 
which lead to a multifactorial model whereby genetically predisposed individuals 
come in contact with some environmental trigger which ultimately leads to the 
development of AD.

H. Chaudhary et al.
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1.2.1	 �Approach to Genetic Analysis of Diseases

The human genome comprises of a set of 46 chromosomes with 22 pairs of auto-
somes and one pair of sex chromosomes. It contains both protein-coding and non-
coding DNA. There are an estimated 3.3 billion base pairs in the haploid genome 
[13]. Protein coding sequence comprises a fraction of the entire genome (approxi-
mately 1.5%) with an estimated 19,000–20,000 human protein-coding genes [14]. 
Genetic variations are defined as differences in allelic sequences within the popula-
tion which are inheritable. Genetic variations between individuals are limited to 
0.1–0.4% of the genome and can be present in two major forms:

	1.	 Microsatellites: These are a sequence of highly repetitive DNA motifs that have 
a higher mutation rate than the rest of the DNA. Their main application is in 
determining relatability between individuals and populations [15]. They are not 
present in the coding region.

	2.	 Single nucleotide polymorphisms (SNPs) are point mutations in nucleotides at 
specific locations in the genome which occur at a much higher frequency than 
the rest of the DNA. These are the modern unit of genetic variation. These can 
occur without changing the amino acid sequence in the genome and are then 
referred to as sense mutations. Non-sense SNPs lead to alteration in the protein 
products of the gene by changing the sequence of amino acids. These are the 
most abundant forms of genetic variations in the human genome [16].

Pathogenic variations have been identified in the causative relation of autoimmune 
disease through three basic approaches:

	(a)	 Candidate gene association studies
	(b)	 Linkage analysis in affected families, and
	(c)	 Genome-wide association studies (GWAS)

Candidate gene studies are the most commonly performed genetic studies 
(Fig. 1.1). These are relatively inexpensive and quick to perform and identify poly-
morphisms in genes already known to be related to the disease phenotype. The 
genes selected have a known physiological relevance to the disease. The verification 
of the association is done by observing its occurrence in stratified case–control stud-
ies. These have high statistical power for making a diagnosis. There are certain limi-
tations to this method. These can only identify genes which are already known in 
association with the disease. Second is the problem with population stratification. 
There could be systematic differences in allele frequency in populations likely due 
to different ancestries and an association could be detected due to the structural 
similarities of the population and not because of the polymorphism per se [17].

Linkage analysis is a genetic method that maps a pathogenic variant on chromo-
somal segments which is likely to harbor genes for the trait (Fig. 1.2). Linkage stud-
ies have been successful in the identification of various diseases with Mendelian 
inheritance like Huntington’s disease (HD) and cystic fibrosis (CF) [18]. Linkage 

1  Does Genetics Play a Role in Auto-immune Diseases?
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analysis combined with positional cloning has identified causal mutations of a large 
number of AD. Tomer et al. have shown linkage association of some major histocom-
patibility complex (MHC) loci variants to AITD [19]. The associations of STAT4 
(signal transducer and activator of transcription 4) with RA and SLE, FOXP3 with 
immune dysregulation, polyendocrinopathy, enteropathy, X-linked (IPEX) syn-
drome and NOD2 (nucleotide binding and oligomerization domain 2) with Crohn’s 
disease are already known [20–22]. However, the familial aggregation of the autoim-
mune conditions is not very common and hence linkage analytic studies have not 
been very fruitful in determining genetic risks within families.

Genetic diagnostics have been revolutionized by GWAS which is a relatively new 
way for scientists to identify common genetic variations associated with human 
diseases (Fig. 1.3). These identify SNPs within the genome which occur at a higher 

Chromosomal location for a disease phenotype established

Genes that reside 
physically close on a 
chromosome remain 
linked during meiosis

Advantages:
• Determine whether the disease phenotype is only caused by 

mutation in a single gene or mutations in other genes can give 
rise to an identical phenotype

• Most powerful approach when studying highly penetrant 
phenotypes

• Can identify rare alleles that are present in small numbers of 
families

• Can be used to study multiple genetic markers simultaneously

Logarithm of the odds score analysis
Large positive scores are evidence for linkage (or co-segregation), and negative scores are evidence against linkage

Recombination fraction (the probability of recombination between two loci at 
meiosis)

Two loci are linked if, during meiosis, 
recombination occurs between them with 
a probability < 50%

Limitations:
• Researchers need to identify a large number of 

families with several affected generations
• Less helpful for complex traits where multiple genes 

are important in disease causation
• Requires precise statistical tools for interpretation

Have been used for
• MHC loci variants on T1D
• NOD2 with Crohn’s disease
• STAT4  with RA and SLE
• FOXP3 with IPEX

Fig. 1.2  Genome-wide linkage studies

Select a suitable candidate gene that 
may plausibly play a role in  the 

disease under investigation

Identify existing gene variants and 
determine which of those variants result in 
proteins with altered  functions that might 

influence the trait of interest

Determine the sequence of nucleotides for the 
entire gene in both affected and unaffected 
individuals to look for consistent differences 

Determine whether the 
nucleotide variation is likely to 

have functional significance 

Test the role of this gene in a sample of 
randomly chosen subjects with the disease (i.e., 

cases) and without the disease 

Advantages: 
• Better suited for detecting 

genes, low penetrance alleles 
of common diseases

• Can be performed with 
unrelated cases, control 
subjects and small families 

Limitations:
• Confirmatory test
• Must already have an 

understanding of the disease 
pathophysiology to choose a 
potential candidate gene 

Fig. 1.1  Candidate gene association studies

H. Chaudhary et al.
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frequency in the diseased individual than healthy people. Hundreds of thousands of 
SNPs can be evaluated at the same time and are a comparatively cost-effective way 
of genetic testing [23]. GWASs are based on the principle of linkage disequilibrium 
(LD), which determines a nonrandom association of alleles at different loci in rela-
tion to a disease in a given population. Linkage disequilibrium refers to the indepen-
dent and nonrandom association of different disease-causing alleles in a population 
[24]. These studies are usually followed up with further studies to ascertain the 
causative variant.

1.3	 �Mechanisms Underlying Autoimmune Disorders

ADs have been shown to be associated with different types of cellular dysfunctions 
that hamper the smooth functioning of the immune system. Human leukocyte anti-
gen (HLA) genes have long been studied with ADs, e.g., HLA-B27 in spondyloar-
thritis, HLA-B51  in Behcet disease, HLADQ2/DQ8  in celiac disease, and 
HLA-DRB1 in RA. There are also reports of association of non-HLA genes, includ-
ing cytotoxic T lymphocyte-associated antigen-4 (CTLA4) gene, protein tyrosine 
phosphate non-receptor type 22 (PTPN22), and other autoimmune susceptibility 
loci with AD.

1.3.1	 �Role of Human Leukocyte Antigens (HLAs) in Autoimmune 
Diseases

The most studied association of genetic factors for ADs are genes located in the 
MHC and, in particular, loci from human leukocyte antigen (HLA) class I and class 
II. Genetic associations between HLA and AD have been reported since the early 
1970s (Table 1.1) [25].

Single nucleotide polymorphisms (SNPs)

Scanning many genomes to find common genetic 
variations associated with a particular characteristic by 

looking at SNPs across the entire genome

Vary between individuals and can be associated with a 
particular disease.

See if there are any genotypes that occur more or less 
commonly in people with the disease.

Differences in the SNPs of two sets of people can help 
point towards the genes involved in the development of 
a characteristic or disease

If certain SNPs are more commonly found in people 
with a disease, compared to those without the disease, 
the SNPs are said to be “associated” with the disease

Fig. 1.3  Genome-wide association studies

1  Does Genetics Play a Role in Auto-immune Diseases?



6

Table 1.1  HLA genes associated with AD

Disease
Predisposing 
HLA alleles

Protective HLA 
alleles Clinical corelate

Celiac disease HLA-DQ2, 
HLA-DQ8

Absence has a negative predictive 
value close to 100%

Type 1 diabetes 
mellitus (T1D)

DR3, DR4, 
DQB1, B∗39, 
B∗18, A∗24

DR14, DR15, 
A∗01, A∗11, 
A∗31

Co-inherited alleles confer 
increased susceptibility

Rheumatoid 
arthritis (RA)

DRB1∗0101
DRB1∗0102
DRB1∗0401
DRB1∗0404
DRB1∗0405
DRB1∗0408
DRB1∗1001
DRB1∗1402

DRB1∗0103
DRB1∗07
DRB1∗1201
DRB1∗1301
DRB1∗1501

Ethnic variabilities have been 
described; Some alleles confer an 
increased likelihood of developing 
earlier disease onset, more severe 
bone erosions, and anti-
citrullinated protein antibodies 
(ACPA) in patients with RA

Multiple sclerosis 
(MS)

HLA-DRB1, 
HLA-DQB1, 
DR15, C∗05, 
C∗15

DR14 Some alleles associated with a 
younger age at onset, worse 
Expanded Disability Status Scale 
(EDSS) score, and a more 
disabling disease

Systemic lupus 
erythematosus 
(SLE)

HLA-DR3, DR8, 
DR15

Associated with more severe 
disease course and development of 
renal complications

Ankylosing 
spondylitis (AS)

HLA-B∗2701, 
∗2702, ∗2704, 
∗2705

Positive association between 
HLA-B27 and male sex, family 
history, uveitis, peripheral joint 
involvement, and hip involvement

Sjogren syndrome 
(SS)

DQA1∗05:01, 
DQB1∗02:01, 
DRB1∗03:01, 
DQA2

Strongest signal of genetic 
association with primary SS

Dermatomyositis 
(DM)

HLA-DP1∗17, 
DQA1∗0104, 
HLA-DRB1∗07

Association with severity of 
pulmonary and esophageal 
complications

Myasthenia Gravis HLA-DRB1∗03, 
HLA-DRB1∗01

HLA-DRB1∗03 associated with 
early onset MG, HLA-DRB1∗01 
with late onset disease, HLA-
DRB1∗10 allele associated with 
thymoma-associated MG

Addison’s disease DRB1∗03:01 and 
DRB1∗04:04

Strongest association observed for 
the DRB1 locus

Graves’ disease DR3, DRB1∗08, 
C∗07, B∗08

C∗16, C∗03, 
B∗44, DR7, 
HLA-
DRB1∗07:01

Ethnic variabilities described in 
disease susceptibility

Antiphospholipid 
antibody syndrome

HLA-DR4, DR7, 
DQB1∗0302, and 
DRw53

Ethnic variabilities described in 
disease susceptibility

Sarcoidosis DRB1 and DQB1 Ethnic variabilities described in 
disease susceptibility

H. Chaudhary et al.
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The HLA complex spans approximately 4  Mb on chromosome 6. It contains 
around 250 genes, out of which 40% have a role in the functioning of the immune 
system [26]. An extensive list of AD has been associated with different variants of the 
HLA genes, particularly, class II genes. HLA A1-B8 region is a haplotype that covers 
several MHC class 1 alleles. Common haplotypes are seen across the population as a 
result of descent from a common ancestor. There are many gene alleles in the haplo-
type, and they have been studied across different populations in association with 
AD. In Europe, A1-B8 is found as a part of the HLA A1-B8-DR3-DQ2 haplotype. In 
Africa and India, A1-B8 is associated with other genes and other variants of A∗01 and 
B∗08. A1-B8 haplotype has been associated with a number of ADs like CD, 
Autoimmune hepatitis, Cushing syndrome, myasthenia gravis, and primary biliary 
cirrhosis. HLA genes have been known to be affected by epigenetic regulation through 
environmental factors. The exact pathology of how HLA affects the development of 
AD remains unclear. In certain conditions like RA and T1D, ethnic variations in sus-
ceptibility to these diseases have also been established in Caucasians [27].

1.3.1.1	 �Celiac Disease (CD)
CD has a strong genetic basis. The concordance rates in monozygotic twins are 90% 
as compared to 10% in first-degree relatives. The strongest described association is 
with HLA. HLA-DQ2 (encoded by HLA-DQA1∗05:01-DQB1∗02:01) or HLA-DQ8 
(encoded by DQA1∗03:01-DQB1∗03:02) has been shown to be expressed in 30%–
35% of the populations where CD is prevalent [28]. Gluten, the pathogenic antigen 
in CD, binds to the pockets of a CD-risk DQ heterodimer (encoded by the DQ2.2, 
DQ2.5, and DQ8 haplotypes) after being processed in the gut. This stimulates the 
production of gliadin-specific CD4 T cells in the intestinal epithelium which trig-
gers immunity and produces intestinal inflammation. This association has also been 
confirmed by MHC fine mapping, which indicated strong independent associations 
of HLA genes with CD risk [29]. Their absence has been regarded as a negative 
predictive value for CD that is close to 100% [30].

1.3.1.2	 �Type 1 Diabetes Mellitus (T1D)
HLA association with T1D is the most complex. The number of alleles found in associa-
tion with T1D in the DR and DQ loci is high. Some of the alleles when co-inherited 
confer increased susceptibility to T1D while some modify the relative risk of developing 
the disease. In European descendants, the highest risk is conferred by HLA-DQB1∗03:02, 
DR3-DQA1∗05-DQB1∗02, and DR4-DQA1∗03-DQB1∗03:02 haplotypes [31, 32]. 
Heterozygosity of these loci confers the strongest genotypic risk for T1D [33].

1.3.1.3	 �Rheumatoid Arthritis (RA)
The association between HLA and RA has been extensively analyzed. A strong 
association between RA and DRB1∗04:01, ∗04:04, ∗01:01, and ∗10:01 has been 
reported and confirmed in numerous studies [34, 35]. Ethnic variabilities have also 
been described in this association. These include HLA-DRB1∗04:01, ∗04:04, and 
∗04:08 in Caucasians [35–37]; HLADRB1∗04:05 in Spaniards and Japanese; HLA-
DRB1∗01:01 and ∗01:02 in Israelis; HLA-DRB1∗14:02 in some Native Americans 
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such as Pima and Yakima Indians; HLA-DRB1∗10:01  in Greeks; and HLA-
DRB1∗01:01, ∗04:01, ∗04:04, and ∗04:05 in Latin Americans [38]. Some of these 
alleles confer an increase in the likelihood of developing earlier disease onset [39], 
more severe bone erosions and anti-citrullinated protein antibodies (ACPA) in 
patients with RA [40].

1.3.1.4	 �Multiple Sclerosis (MS)
It is an autoimmune neurological disorder characterized by the presence of autore-
active T cells that react against various proteins of the nervous system. HLA-
DRB1∗15:01 and HLA-DQB1∗06:02 alleles are mainly described in association 
with risk for MS among Caucasians and Latin Americans [41]. HLA-DRB1∗15 has 
been associated with a younger age at onset, worse Expanded Disability Status 
Scale (EDSS) score, and a more disabling disease in patients with MS.  HLA-
DRB1∗13:03, 08:01, 03:01, 15:03, 04:05 alleles confer a detrimental and HLA-
DRB1∗14:01, 07:11, 02:01, 01:08 a protective role in MS [42].

1.3.1.5	 �Systemic Lupus Erythematosus (SLE)
Multiple HLA alleles have been discovered through GWAS in SLE in both European 
and Asian populations. HLA-DR4, DR11, DR14 alleles have been shown to have to 
be protective against SLE and HLA-DR3, DR9, DR15 is associated with high dis-
ease susceptibility. HLA-DR4 and DR11 alleles have been shown to be protective 
for lupus nephritis, and DR3 and DR15 may have a high risk of developing renal 
complications in SLE [43].

1.3.1.6	 �Other Autoimmune Conditions
HLA-B27 has been observed in 96% of patients suffering from AS [44]. HLA-B 
alleles (HLA-B∗51:01, B∗47:01, and B∗13:02) have also been described as risk 
alleles for AS [45].

A recent meta-analysis has identified associations between HLA Class II and SS 
[46]. An analysis of more than a thousand cases of SS from 23 studies across differ-
ent populations was done. Risk associations were found in HLA DQA1∗05:01, 
DQB1∗02:01, and DRB1∗03:01 alleles for the disease [41]. In Dermatomyositis 
(DM), GWAS have identified significant susceptibility with variants located in the 
MHC class II region, with HLA-DP1∗17 being the most significant [47]. Strong 
independent associations to the class I locus have been reported for IBD, psoriasis, 
AS, and Graves’ disease [48, 49]. Haplotypes DR3-DQA1∗05-DQB1∗02 and DR4-
DQA1∗03-DQB1∗03:02 in Europeans and DR9-DQA1∗03-DQB1∗03:03 and DR4-
DQA1∗03-DQB1∗04:01 in the Japanese population have been known to predispose 
to other AD (e.g., autoimmune polyglandular syndrome type II [50], CD [51], and 
antineutrophil cytoplasmic antibody-associated vasculitis (AAV)) [52].

Understanding of these genetic associations offers the potential to identify dis-
ease susceptibility in individuals at risk of ADs. This would be a major step toward 
developing new treatments and preventing manifestations of disease in genetically 
predisposed individuals.
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1.3.2	 �Non-HLA Genes

The breach of self-tolerance among T and B lymphocyte clones is the hallmark of 
autoimmunity. Several genes have been identified which have an impact on the 
adaptive immune system. These susceptibility alleles may affect the production, 
activation, and regulation of immune cell lineages and predispose to the develop-
ment of AD (Table 1.2).

1.3.2.1	 �Genes Impacting T-Cell Activation and Signaling
Any abnormality in the differentiation of naïve T cells into functional subsets can be 
a trigger for the development of AD. The abnormal signaling secondary to genetic 
polymorphisms impacts T-cell differentiation and hence predispose to autoimmune 
conditions.

	(a)	 PTPN22 (protein tyrosine phosphatase, non-receptor type 22) encodes a protein 
tyrosine phosphatase that dephosphorylates key downstream signaling mole-
cules in T-cell differentiation. Associations of PTPN22 have been described 
with susceptibility to T1DM, RA, AITD, SLE, and JIA [53].

	(b)	 Protein tyrosine phosphatase, non-receptor type 2 (PTPN2), which is also an 
intracellular tyrosine phosphatase, has also been associated with CD and T1D 
[54].

	(c)	 CTLA4, a key negative regulatory molecule impacts antigen-driven activation 
of T cells. CTLA4 polymorphisms are reported in association with T1D, IBD, 
RA, CD, MS, and SLE [55].

	(d)	 SH2B3 (SH2B adaptor protein 3) gene is involved in the negative regulation of 
T-cell receptor signaling. It has been described in association with T1D, CD, 
and SLE.

	(e)	 TAGAP (T-cell activation GTPase-activating protein) is associated with CD, 
T1D, and RA.

Table 1.2  Non-HLA genes associated with AD

SLE FCGR2A, IFIH1. STAT4, ATG16L1, TMEM39A, TNIP1, PRDM1, ATG5, 
TNFAIP3, IRF5, TNPO3, TRAF1-C5, KIAA1542, IRF7, SLC15A4, ITGAM, 
ITGAX, IRF8, IKZF3, TYK2, HIC2, UBE2L3
TLR7, TLR8, IRAK1, TREX1, TNFAIP3, SIAE

RA TNFRSF14, MMEL1, REL, ANKRD55, IL6ST, TNFAIP3, TRAF1-C5, HIC2, 
UBE2L3

CD TNFRSF14, MMEL1, REL, IRF4, TNFAIP3, HIC2, UBE2L3, TLR7, TLR8
T1D IFIH1, STAT4, KIAA0350, TYK2, C1QTNF6
PSO STAT4, TNIP1, TNFAIP3
IBD FCGR2A, STAT4, ATG16L1, IRGM, IRF5, TNPO3, TNFSF15, NOD2, 

TNFRSF6B
Sarcoidosis ACE, CCR-2, CXCR-5, CR-1,

SLE systemic lupus erythematosus, RA rheumatoid arthritis, CD celiac disease, T1D type 1 diabe-
tes mellitus, PSO psoriasis, IBD inflammatory bowel disease
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	(f)	 CD226 is a type I transmembrane receptor of the immunoglobulin superfamily 
expressed on the surface of lymphocytes and involved in T-cell activation and 
differentiation. A missense variation is associated with T1D, MS, AITD, RA, 
AAV, and SL.

	(g)	 The TNFSF4 [tumor necrosis factor (ligand) superfamily member 4] binds to 
the surface of APC by its receptor (TNFRSF4). Genetic variants in the promoter 
of TNFSF4 have been seen in cases of monogenic SLE. TNFSF4 and TNFRSF9 
are involved in T-cell activation and are implicated in CD.

1.3.2.2	 �Susceptibility Genes Impacting B-Cell Activation
	(a)	 BANK1 (B-cell scaffold protein with ankyrin repeats 1) gene is involved in the 

transmission of B-cell receptor signaling and affects B-cell receptor-induced 
calcium mobilization required for activation of B cells. Allelic variants in 
BANK1 are associated with SLE.

	(b)	 BLK (B lymphoid tyrosine kinase) encodes a tyrosine kinase that has a role in 
B-cell signal transduction. The variants rs2248932 and/or rs13277113 in BLK 
have been studied in association with SLE, RA, AS, and SSc.

	(c)	 CD40 (CD40 molecule) plays a crucial role in the activation and differentiation 
of B lymphocytes. CD40 has been described in association with susceptibility 
to RA, MS, and IBD.

1.3.2.3	 �Genes Affecting Helper T Cells
CD3 helper T cells (Th1 and Th2 subsets) have a definite role in the generation of 
autoimmunity. Th1 cells have a pathogenic association with T1D, MS, and RA.

	(a)	 IL18RAP, STAT1-STAT4, STAT3, and IL12A impact the differentiation of Th1 
and Th2 cells, and have polymorphisms associated with AD.

	(b)	 IL12B encodes the p40 subunit of the heterodimeric cytokines IL-12 and IL-23. 
IL12B variants are associated with T1D, MS, psoriasis, and IBD.

	(c)	 CD58 and CD6 instruct the production of co-stimulatory molecules that are 
involved in the pathway of signaling of T cells and their differentiation. These 
molecules have a pathogenic role in MS and RA.

	(d)	 Th17 has been known to have a role in the pathogenesis of various ADs. IL-17 
levels have been shown to be elevated in patients with active SLE, MS, and RA.

	(e)	 Treg (Regulatory T cells) are involved in the maintenance of immunological 
tolerance. IL-2 is required for the differentiation of Tregs. IL2RA variants are 
associated with RA, T1D, MS, and IBD, and IL2RB is associated with RA and 
T1D. IL7RA variations have been shown to be associated with IBD and MS.

1.3.2.4	 �TNF Receptor Superfamily Genes Associated with ADs
	(a)	 The upregulation of TNFSF15 on macrophages and CD4+/CD8+ lymphocytes 

of the intestinal lamina propria has been shown in relation with IBD.
	(b)	 TNFRSF14, another member of TNF-receptor superfamily, is associated with 

RA and CD.
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	(c)	 TNFRSF6B, encoding a decoy receptor that prevents Fas-induced apoptosis, is 
associated with IBD, RA, SLE, PSO, and CD.

1.3.2.5	 �Genes Involved in Innate Immunity
The dysregulation of the innate immune system plays an important part in the devel-
opment of autoimmune phenomena. Abnormalities in signaling through toll-like 
receptor (TLR) pathways appear to be fundamental. The autoimmune susceptibility 
loci in innate immunity pathways include TNIP1 (TNFAIP3 interacting protein 1): 
associated with psoriasis, IRF8 (interferon regulatory factor 8): (associated with MS 
and SLE), TYK2 (tyrosine kinase 2) (associated with MS and T1D), and TNFAIP3. 
MIF (macrophage migration inhibitory factor) is a cytokine that is expressed by 
many immune cells, and polymorphisms in MIF have been shown in association 
with multiple AD. Genetic polymorphisms throughout the Toll-like receptor (TLR) 
and NOD-like receptor (NLR) pathways are associated with susceptibility to 
AD-like SLE and IBD.  Variants in CLEC16A (C-type lectin domain family 
16-member A) gene are associated with T1D and MS. Members of the interferon 
regulatory factor (IRF) family of transcription factors play a crucial role in the acti-
vation of transcription through the TLR pathway and have been linked to various 
AD-like SLE, RA, SS, IBD, and MS.

1.4	 �The Intersection of Autoimmunity and Primary 
Immunodeficiency

Autoimmunity is frequently observed in settings of primary immunodeficiency 
(PID). This is due to impaired regulatory functions within the immune system 
resulting in failure to maintain self-tolerance. Autoimmunity has been well described 
in association with Wiskott-Aldrich syndrome (WAS), monogenic forms of com-
mon variable immunodeficiency (CVID) like IKBKG, CTLA4, NFKB1, GATA2, 
CD40LG, and TAZ, and chronic granulomatous disease (CGD) [56]. GWAS con-
ducted on autoimmune conditions have identified genes that overlap with some 
PIDs. In the largest GWAS on RA in European and Asian patients, 377 candidate 
genes were identified to be associated with RA. Among these genes, certain genes 
overlap with PID genes (e.g., caspase 8 [CASP8], caspase 10 [CASP10], autoim-
mune regulator [AIRE], and IL-2 receptor a [IL2RA] genes were identified [57]). 
Similarly, monogenic inheritance is well known in cases of SLE.  Early disease 
onset in the background of a significant family history of SLE is likely to involve 
monogenic defects. These genetic aberrations disrupt the equilibrium of the immune 
system and generate autoimmunity [58]. Three groups of PID have been described 
in association with SLE:

	1.	 Defects of complement pathway (C1Q, C3, C4), which prevent proper disposal 
of apoptotic tissue in the cells along with defective clearance of microbes.

	2.	 Selective and partial defects in immunoglobulin synthesis.
	3.	 Chronic granulomatous disease especially in carriers of X-linked trait.
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These increase the susceptibility of the affected individual toward a host of infec-
tions with a wide severity spectrum. Jesus et al. have reported a 28% incidence of 
some form of PID in a consecutive cohort of 300 adult SLE patients [59].

It has been recommended that patients with autoimmunity targeting multiple 
organ systems should be investigated for underlying PID.  Also, in patients with 
PIDs, an early assessment for risk of autoimmunity/inflammation should be carried 
out [60].

1.5	 �Conclusion

The various genetic studies conducted in AD have strengthened our understanding 
of autoimmunity in many dimensions. A host of susceptibility genes have been 
described in relation with AD which can predict an individual’s susceptibility 
toward the development of the disease, the age of onset, the severity of illness, likely 
complication, and response to therapy. These molecular clues can even help ascer-
tain the risk of autoimmunity among other family members so that preventive mea-
sures can be enforced early in life. A better understanding of susceptibility alleles 
will pave way for the development of target-based therapeutics in the future whereby 
treatment customized toward modifications of the individual genetic abnormality is 
instituted to the patients.
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Abstract
Females, while enjoying the advantage of being protected from infections due to 
their immunoreactivity, are at a higher risk of autoimmune diseases due to the 
same mechanism. This sexual dimorphism of the immune response in the back-
ground of a skewed prevalence of autoimmune diseases in females and the 
knowledge of the immunomodulatory function of sex steroids indicate a major 
role of sex hormones as important mediators of the observed clinical gender dif-
ferences. Recent studies also point toward the reciprocal influence of the sex 
hormones and microbiome composition in the human body, contributing to the 
differences in the immune response between females and males. Based on avail-
able data, it appears that sex is an important variable to address in future research 
which may eventually lead to more sex-specific therapy for patients with these 
diseases. In this narrative review, we appraise how gender has an impact on vari-
ous autoimmune rheumatic diseases with regard to incidence, disease course, 
severity, response to treatment, and pathogenesis.
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2.1	 �Introduction

Autoimmune diseases of all organ sites and system affect approximately 8% of the 
population, around 78% of which are females [1, 2]. This gender difference is wide, 
ranging from 2:1 to 9:1 (Table 2.1), with women predominating in most of the major 
autoimmune rheumatic diseases (AIRDs) [1, 2]. The major AIRDs are generally 
observed in the late teens to the early forties, coinciding with the greatest hormonal 
level changes in females. With advancing age, this ratio between females to males 
decreases and for certain diseases like rheumatoid arthritis (RA), males outnumber 
females after the age of 75 years. This gender difference is almost universal and is 
maintained across various geographical locations and ethnicity.

Both experimental and clinical observations suggest that autoimmunity is influ-
enced by gender. Females have a higher immune reactivity than males as evidenced 
by the higher antigen presenting capacity and mitogenic response of lymphocytes 
and monocytes, a higher immunoglobulin level, enhanced antibody production, and 
a higher homograft rejection rate in females. Males, on the other hand, are more 
prone to infections. Thus the enhanced immunoreactivity in females is a boon in 
that it provides a better protection against infections but at the cost of enhanced 
autoreactivity which contributes to autoimmunity. This sexual dimorphism of the 
immune response in the background of a skewed prevalence of autoimmune dis-
eases in females and the knowledge of the modulatory effects of sex steroids in 
immune function in vitro points toward the need to discuss the role of sex hormones 
mainly estrogen, progesterone, and testosterone as primary mediators of the sex dif-
ferences [3]. Recent studies also suggest that the hormonal status of the host can 
shape microbiome composition and reciprocally the microbiome may exert various 
influences over host sex hormone levels, contributing to the differences in the 
immune response between females and males. There is a wealth of clinical and 
experimental data on the gender differences in autoimmune diseases, and it appears 
that sex is an important variable to address in future research which may eventually 
lead to more gender-specific therapy for patients with these diseases. In this narra-
tive review, we appraise how gender has an impact on various autoimmune rheu-
matic diseases with regard to incidence, disease course, severity, response to 
treatment, and pathogenesis.

Table 2.1  Gender-based 
prevalence in autoimmune 
diseases

Autoimmune disease Female/male ratio
Ankylosing spondylitis 1:3
Antiphospholipid antibody 
syndrome

5:1

Rheumatoid arthritis 3:1
Sjogrens syndrome 9:1
Systemic sclerosis 5:1
Systemic lupus erythematosus 9:1
Psoriasis 1:1
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2.2	 �Rheumatoid Arthritis

Rheumatoid arthritis affects females thrice as often as males and has a peak inci-
dence at the age of 45–55 years which also coincides with the perimenopausal years 
which suggests a possible association between estrogen deficiency and the disease 
onset. In the Nurses Health Study cohort, there was no clear association between the 
age of menarche, parity, regularity of menses or oral contraceptive pill use and RA 
risk [4]. A few studies have also shown that the relative risk for developing RA is 
twofold among nulliparous compared to parous women and that currently pregnant 
women may have a reduced risk of developing RA during pregnancy. Subsequently 
an increased risk of developing RA after a woman’s first pregnancy has also been 
reported. However, pregnancy has an ameliorating effect on the disease activity 
while the disease tends to flare up in the immediate postpartum period suggesting 
the role of breastfeeding in inducing the disease. Postmenopausal hormone use did 
not show any difference in RA incidence between those who did or did not receive 
hormones. Breastfeeding for more than 24 months was found to be associated with 
protective effect against RA risk [4]. RA probably does not affect fertility, although 
a decrease in fecundity prior to disease onset has been described [5]. There is no 
evidence that RA increases risk of spontaneous abortions, preterm labor, or pre-
eclampsia [6].

After the age of 45, the incidence of RA in men increases rapidly and approaches 
to that of age-matched women. Below 45, men are protected against RA proba-
bly due to their higher levels of androgens. However in men, tobacco use has been 
associated with a higher relative risk of RA, in particular seropositive cases.

With regard to the severity of the disease, several studies have shown that both 
sexes have similar disease severity at the time of diagnosis, but men are more likely 
to achieve remission early in the course of RA. This also implies that men have a 
better response to the therapy. The DANBIO registry which compared sex-based 
differences in response to anti-TNF therapy demonstrated that the treatment 
response occurred more quickly in men [7]. However, there have been contradictory 
results in other studies stating that both sexes had almost similar DAS28 scores 
although women reported subjectively worse symptoms [8]. Thus, so far sex-
specific treatment algorithms cannot be made unless the outcomes are shown to 
differ by sex and by medication.

Influence of hormonal factors in the pathogenesis in RA is relevant in view of 
female preponderance in its prevalence. But the peak age corresponding to post-
menopausal period also suggests factors other than estrogens and progesterone. In 
general, higher disease activity in females with a significantly elevated estrogen 
levels in synovial fluid in RA patients indicate E2 as a detrimental factor in disease 
activity [9]. Not only the increased estrogen level but also the differential expression 
of estrogen receptors on immune cells might be implicated in the pathogenesis. 
Conversely, androgen levels show an inverse relation with disease onset and severity 
accounting for the decreased incidence in young men and decreased severe course 
of the disease as compared to age-matched women [10]. Men with RA have lower 
levels of testosterone, DHEA, and estrone, while estradiol is increased and 
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correlates with inflammatory indices [11]. Progesterone, like estrogen, also stimu-
lates a switch from a Th1 to a Th2 predominant immune response. Progesterone-
induced suppression of Th1 response and induction of regulatory T cells could 
account for the observed decrease in RA activity during pregnancy [12].

Very little information on genetic influence in sex disparities in RA exist. The 
rarity of RA in individuals with Klinefelter’s syndrome suggests that the extra X 
chromosome does not confer an added risk. Only one study found an association 
with single nucleotide polymorphisms of the X-encoded genes TIMP1 and ILR9 
[13]. Transmission of the X chromosome from mother vs father was found unlikely 
to account for sex differences in disease prevalence [14]. To date, no studies have 
focused on epigenetic modification of the inactivated X chromosome as related to 
RA susceptibility.

2.3	 �Systemic Lupus Erythematosus (SLE)

Lupus is probably the most extensively studied autoimmune disease with respect to 
gender differences. The female to male ratio cited commonly as 9:1 characterizes 
incident cases during the childbearing years. The ratio is much lower both prior to 
puberty and post menopause. Male prevalence varies from 4% to 30% in different 
series, with higher prevalence in studies considering familial aggregates of the dis-
ease. These skewed findings suggest a strong possibility of hormonal influence on 
the disease. Exogenous or endogenous estrogen may have a triggering effect on the 
disease development. Age <10 at menarche, oral contraceptive (OC) pills, and post-
menopausal HRT have been associated with a higher relative risk of SLE [15]. 
Estrogen containing OC pills pose greater risk with a strong dose–response relation-
ship between estrogen dose and development of lupus. The highest risk of develop-
ing SLE was observed during the first 2 years of OC pills exposure. Breastfeeding 
has not been found to be associated with increased risk of SLE.

Pregnancy and SLE flares are well known. On the contrary, it may be diagnosed 
during pregnancy for the first time. Women with active SLE at the time of concep-
tion are at increased risk for adverse maternal and fetal outcomes [16, 17]. Breast 
feeding has not been found to be associated with flares. Studies in humans have 
found that breastfeeding was associated with a decreased risk of SLE (OR = 0.6), 
and the risk was further reduced with an increasing number of babies fed and an 
increasing total time of breastfeeding [18].

There is a distinct impact of gender on disease manifestations, and this difference 
has been noted to be almost the same in different geographic regions across the 
globe. Even though male SLE is relatively uncommon, men develop the typical 
manifestations with a different prognosis. Skin manifestations, serositis, neurologi-
cal complications, thrombocytopenia, and renal involvement have been found to be 
more common in men, and males are likely to have more severe renal and cardiore-
spiratory involvement. Arthritis was more commonly observed in females. Thus 
males tend to have more severe disease than the females. Sex-based differences in 
mortality are difficult to study, and different studies conclude differently.
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Female sex hormones are crucial regulators of lupus activity. Estrogens, both 
endogenous and exogenous, may act in conjunction with other factors to override 
immune tolerance to self-antigens. In the B cell dominant cascade, both the hor-
mones are immune stimulators that affect maturation of autoreactive B cells as well 
as autoantibody secretion while progesterone is an immuno-suppressor. Estrogen 
leads to the survival and activation of autoreactive B cells with a marginal zone 
phenotype whereas prolactin induces self-reactive B cells with a follicular zone 
phenotype. Thus these two hormones allow autoreactive B cells to escape the nor-
mal mechanisms of tolerance and mature to fully functional antibody secreting B 
cells that can cause clinically apparent lupus [19]. Experimental studies in murine 
models of lupus have also shown that estrogens have stimulating while androgens 
have ameliorating effects [20]. The recent SELENA study indicated that estrogen 
replacement therapy in postmenopausal SLE patients induced a slightly increased 
number of mild flares. Similarly, ovarian stimulation by hormonal manipulations 
may also cause an induction of a lupus flare [21].

Prolactin also plays an important role. Almost 30% patients with SLE have mild 
to moderate hyperprolactinemia. This hormone induces the production of anti-
dsDNA antibody by peripheral blood monocytes as well as interferon-gamma. It 
also causes breaking of tolerance by impairing negative selection of autoreactive B 
cells and by allowing for their maturation into fully functional B cells with follicular 
phenotype [22]. Prolactin also regulates the maturation of precursor T cells to 
CD34+ T cells, decreases apoptosis of B cells and increases immunoglobulin pro-
duction [23].

There is a complex but definite implications of androgens in the pathogenesis of 
Lupus. Female SLE patients have accelerated oxidation of testosterone which may 
have immunomodulatory effect since testosterone suppresses anti-dsDNA produc-
tion. Male SLE patients have elevated serum 16-hydroxyestrone and estrone con-
centrations leading to estrogen/androgen imbalance, while some men also have 
functional hypoandrogenism with low levels of testosterone and elevated luteiniz-
ing hormone (LH). Female patients have lower plasma androgen levels than their 
healthy counterparts.

Not only female hormones but also specific genetic factors involving chromo-
some X have been implicated in the development of Lupus. The X chromosome 
includes genes that are crucial in determining sex hormone levels and in maintain-
ing tolerance. The presence of a second X chromosome in females may be impor-
tant for SLE pathogenesis. Skewed X inactivation can lead to the survival of 
autoreactive T cells which may be a factor in the pathogenesis [24]. Incomplete X 
inactivation leading to expression of gene products from both the maternal and 
paternal X chromosomes and thus doubling of X-encoded proteins has also been 
explored in the pathogenesis. The relevant genes of interest in SLE encoded on X 
chromosome are gene for CD40 ligand, IRAK1, Foxp3, TLR7, and MECP2. All of 
these have been associated with increased risk for developing SLE, and any of these 
could be over-expressed in women due to incomplete X inactivation [25]. Two stud-
ies have suggested a dose effect of the X chromosome as evidenced by a more than 
tenfold increased prevalence of genotype 47XXY (Klinefelter’s syndrome) 

2  Influence of Gender on Autoimmune Rheumatic Diseases



22

compared to 46XY in men with SLE [26, 27]. Klinefelter’s syndrome men were 
found to have fewer severe manifestations than normal karyotype men with 
SLE. Also the females have a lower threshold to develop SLE, yet men have more 
severe disease when they develop SLE. This difference can be explained probably 
by the protective effect of the second X chromosome in terms of disease severity or 
an increased estrogen to androgen ratio. The increased susceptibility could be 
explained by an X chromosome gene–dose effect.

Epigenetic modification of the genes on the inactive X chromosome in females 
has also been proposed as a possible mechanism for increased female prevalence. 
Women, but not men, with active SLE had demethylation of the gene for and 
increased expression of CD40 ligand, which raises the possibility that demethyl-
ation of the inactive X chromosome may be related to disease activity. Men have 
been found to have a higher number of SLE risk alleles and more T cell DNA 
demethylation during SLE flares compared to women [28]. Moreover, translocation 
from the telomeric end of the X chromosome onto the Y chromosome results in a 
Yaa (Y linked autoimmune accelerator) mutant mice in experiments which develop 
features of Lupus, indicating the role of TLR7 and TLR8 gene on X chromosome in 
the pathogenesis of Lupus [29].

2.4	 �Systemic Sclerosis

This autoimmune disease is characterized by three key pathogenic features: (1) vas-
culopathy with endothelial dysfunction, (2) immune system activation and dysregu-
lation, and (3) collagen overproduction with fibrosis.

The overall female to male ratio in systemic sclerosis (SSc) is 3:1 or greater and 
the incidence is highest in the childbearing age. In females, it occurs at a younger 
age and is more likely to be of the limited cutaneous type with anticentromere anti-
body and improved survival. In contrast, male patients present at an older age are 
more likely to be cigarette smokers, have diffuse cutaneous involvement, antitopoi-
somerase I and anti-U3RNP antibody, pulmonary fibrosis, and reduced survival. 
Overlap syndromes are equally frequent but while the females have a higher fre-
quency of overlap with SLE, the males have overlap with myositis [30].

A Swedish study showed that nulliparity was associated with an increased risk of 
SSc, while an increasing number of births were associated with decreased risk [31]. 
An Italian study also showed that parous women have a reduced risk of SSc and that 
the risk reduced with increasing number of children. Women who had a history of 
abortive pregnancies were also at a decreased risk [32]. Differences have also been 
found in the age of onset, disease severity, course, and cause of death in women who 
develop SSc prior to pregnancy compared with those who develop the disease after 
pregnancy [33]. Role of breastfeeding and the risk of SSc have very limited data.

The key hormone to the pathogenesis of SSc is estradiol. Estradiol (E2) promotes 
the development of a fibrotic phenotype in human skin. Serum E2 levels were found 
elevated in postmenopausal female patients with early diffuse cutaneous SSc com-
pared to healthy postmenopausal female controls, suggesting an important role of 
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estrogens in the pathogenesis of skin thickening and organ fibrosis [34]. Elevated 
estradiol may also underlie worse prognosis in males. Increased estradiol level was 
associated with an increased risk of all-cause mortality in men [35]. High prolactin 
and low DHEA levels have been observed in patients with SSc; however the mecha-
nisms by which they affect the immune system in SSc remain unclear [36].

In addition, the female preponderance in SSc is thought to be due to genetic or 
epigenetic differences and X chromosome gene reactivation or skewed chromo-
some inactivation. Skewed X chromosome inactivation was observed in 64% of 
patients with SSc as compared with 8% in the controls [37]. Also the rate of mono-
somy X in white blood cell subpopulation was significantly higher in patients with 
SSc when compared with healthy females. These data provide evidence for chromo-
some instability in women with SSc and that haplo-insufficiency for X-linked genes 
may be a critical factor for female preponderance. Other genetic factors could also 
be implicated in gender differences. Coexistence of SSc with Klinefelter syndrome 
like that in SLE has been reported though rare. Similarly a case report of a pheno-
typic male SSc patient with hypogonadism having an XX sex chromosome has been 
reported where it was shown that the patient had a 46XX, Xp22.3 (SRY+) gene 
translocation [38].

2.5	 �Sjogrens Syndrome

Primary Sjogrens syndrome (SS) is characterized by chronic inflammation and pro-
gressive destruction of exocrine salivary and lacrimal glands leading to symptoms 
of dryness and extraglandular manifestations (EGM) like ILD, cutaneous vasculitis, 
and lymphadenopathy. The majority of patients are women with an estimated female 
to male ratio of 9–14 to 1. The difference in incidence further extends to differences 
in clinical presentation as well. In general, men present with a more severe disease 
phenotype. EGM follow typical sex difference predominance with thyroiditis, 
Raynaud’s phenomenon, depression, and myalgia occurring more frequently in 
women, while lymphoma and lung diseases more frequently in men. Gender differ-
ences in serological markers and autoantibody are not consistent and perhaps more 
research is needed in this area whether sex differences in autoantibody levels exist 
[39].

Both clinical and experimental studies have shown sex hormones to be a major 
influence in the immunopathogenesis of SS. A complex interplay between estrogen, 
testosterone, androgens, and prolactin accounts for the increased incidence in 
women especially in the postmenopausal period. Estrogens’ central role in driving 
a Th2-type skewed immune response that activates B cells and elevates autoanti-
body and immune complex levels could be the major contributing factor in women 
after triggers like infection. In the context of genetic, epigenetic, and environmental 
influences, the rapid decline in estrogen (E2) levels prior to menopause leads to 
reduced glandular cell health. Death of glandular cells via apoptosis provides self-
antigens for presentation to the immune system to promote autoimmune disease. At 
the same time the protective effects of higher estrogen levels on inflammation 
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disappear allowing increased activation of the innate immune pathways. In contrast, 
low levels of estrogen continue to increase the level and different types of autoanti-
bodies with age. Pregnancy and other AID further increase the risk of developing 
SS. Not only does estrogen increase the prolactin levels but also they work together 
to increase autoantibody levels. This could also explain for the appearance of SS 
during childbearing years. Thus prolactin may work with high estrogen levels to 
increase the risk for SS in premenopausal women. The role of sex hormones may 
not be so straightforward. Both estrogen and androgens are needed for normal exo-
crine gland function, and reduced levels of DHEA have been noted in salivary 
glands of patients with SS.

Another hypothesis proposed for the increased incidence in women is through 
microchimerism which is defined as the presence of nonhost stem cells or their 
progeny in an individual at a low level and can occur as early as 6 weeks into preg-
nancy. Initial evidence of its involvement in SS comes from a number of reports of 
patients developing SS-type disease following blood transfusion, stem cell trans-
plantation, or during GVH disease. However interesting this theory may appear, its 
role in the pathogenesis of SS still needs more research so as to determine whether 
it really could skew the prevalence toward women.

2.6	 �Ankylosing Spondylitis

Ankylosing spondylitis, previously thought to be a male predominant disease, has 
now been shown to have a male to female ratio of 3:1 as against 9:1 in the older data. 
This gender variation is much more evident in AS compared to undifferentiated SpA 
or non-radiographic SpA. Age of onset is nearly the same in both sexes; however 
the diagnosis is delayed in females by 1–2 years. Females on average have lesser 
ankylosis of the spine on radiography and therefore lesser damage compared to 
males. Thus it is assumed that females with AS have a milder form of the disease 
than males. Despite this, women have more functional limitations for a given radio-
graphic damage. Moreover, women are more likely to present cervical spine involve-
ment, whereas men tend to complain more frequently about lumbar pain [40].

Pregnancy does not improve the symptoms of AS. Two prospective studies have 
shown active disease during the first and early second trimester with a flare around 
20 weeks of pregnancy [41, 42]. Anterior Uveitis can flare up during this period. 
Disease activity may decrease during the third trimester. Only 20% of patients 
improve from pain, particularly those who have a history of peripheral symptoms. 
In patients with multiple pregnancies, no uniform pattern regarding remission or 
flare is seen. Complete remission never occurs in any patients with pure axial dis-
ease. Postpartum flare (4–12 weeks after delivery) is seen in 50–80% patients, and 
episodes of acute peripheral arthritis or anterior uveitis rise up to three times after 
delivery [43]. Pregnancy outcomes remain similar to healthy women with regard to 
miscarriage, stillbirth, prematurity, and IUGR. However, Cesarean section is per-
formed more in patients with AS.
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The genetic risk factors appear to be the same and prevalence of HLA-B27 posi-
tivity is similar in both sexes. No linkage of the X chromosome with susceptibility 
to AS has been found so far. In a study by Tsui et al., a direct genetic difference in 
the ankylosis homologue (ANKH) gene between men and women was reported 
which could account for the differences in radiological progression observed in the 
two sexes [44]. Distinct sexual dimorphism in the immunological profile of patients 
has also been reported. Male AS patients display an elevated Th17 axis. However, it 
still remains unclear whether this is a basic sex-related pathogenic mechanism or a 
reflection of higher level of inflammation in males. But aforementioned observa-
tions point to the importance of addressing sex in future AS research especially in 
the ongoing clinical trials with anti-IL17 agents.

2.7	 �Psoriatic Arthritis

Few studies have investigated the role of gender in psoriatic arthritis (PsA) and 
the results are variable. While some studies report a male predominance, others sug-
gest a more equal distribution between sexes. Clinical manifestations differ, with 
males more frequently having axial or oligo-articular involvement and females 
more poly-articular disease. With regard to severity, men are reported to have a 
more aggressive radiographic progression. Women are found to be more disabled 
perhaps due to a different pain perception as well as fatigue which is also higher in 
the female sex. Sex differences are seen even in the outcomes of PsA treatment 
options with men requiring more aggressive treatment and more frequent prescrip-
tion of biologicals. Women show a better treatment response and a better prognosis 
with lower rates of radiographic progression [45].

Genetics represents a major risk factor for psoriasis and PsA, with the former 
being associated mainly with HLA-Cw06 and the second with HLA B27, and this 
knowledge may provide further help in choosing the therapy as patients carrying the 
HLA-Cw06 allele seem to respond better to Ustekinumab. Women may benefit 
more with this drug as they are reported to carry the HLA-Cw06 allele more fre-
quently; in contrast HLA B27 is more frequent in men [46].

2.8	 �Conclusion

Female predominance in autoimmune rheumatic diseases is well recognized. In the 
pursuit to explain the differences for this female preponderance, most of the research 
has focused on the role of hormones, both exogenous (e.g., OC pills) and fluctua-
tions in endogenous hormone levels related to menarche, menstruation, pregnancy, 
and breastfeeding. Other reasons include genetic and epigenetic differences, both 
direct (influence of genes on sex chromosomes) and indirect (e.g., microchimerism) 
as well as gender differences in environmental exposure due to lifestyle factors. A 
greater understanding of both these influences will emerge with the intensive 
research efforts in these areas permitted by newer technologies. It is also of prime 
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importance to thoroughly elucidate sex differences in the basic immune response, 
both innate and adaptive. More research about the immune system functioning and 
a deeper understanding of the immunological mechanisms behind these diseases 
may form the basis for personalized medicine in future. It is also important to deter-
mine the mechanisms by which the primary sex hormones (estrogen, progesterone, 
and testosterone) affect immune function and to extend mechanistic studies to other 
sexually dimorphic hormones like prolactin, growth hormone, and insulin-like 
growth factor. It would also be insightful to understand the effects of naturally fluc-
tuating hormone concentrations on the immune and autoimmune response. The 
contribution of genetics to sex differences in autoimmune diseases needs further 
research, so also the interaction between genetic and environmental factors needs 
deeper studies. Research also needs to be expanded in the field of gut microbiata. 
The differences in gut microbiata composition between males and females are a 
cause, or a consequence of gender-specific differences in immune system is not yet 
completely known and gender might be considered in the development of strategies 
in future to target gut microbiata in different disorders. The current though limited 
evidence for gender-based response to various therapies in autoimmune rheumatic 
diseases provide impetus for future research. This may pave the way for more accu-
rate individualized treatment and also in employing sex hormones as adjuvants in 
treatment.
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Abstract
Systemic lupus erythematosus (SLE) is an autoimmune disease with protean 
manifestations in both clinical and immunological domains. Sjögren’s syn-
drome is another rheumatic, inflammatory autoimmune disease that is related to 
SLE at the level of clinical and serological manifestations as well as underlying 
pathophysiological mechanisms. For both diseases there are clearly genetic and 
environmental contributions to the risk of disease, but the etiology is largely 
undefined. Both SLE and Sjögren’s syndrome predominately affect women 
compared to men at a ratio of at least 10:1. The mechanism by which female-
bias is mediated has not been fully elucidated. Sex steroids, estrogens and 
androgens, do not differ between SLE patients and controls with another chronic 
disease. Elevated levels of prolactin are found in the sera of some women with 
either SLE or Sjögren’s syndrome, but a cause and effect relationship is not 
established. The transcription factor vestigial-like family member 3 (VGLL3) 
may regulate sex-biased gene expression in a way that promotes autoimmunity. 
The X chromosome aneuploidies 47,XXY and 47,XXX are found in excess among 
men and women, respectively, with SLE or Sjögren’s syndrome. X chromosome 
genes that escape X inactivation, such as TLR7 and CXorf21, may mediate the 
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X chromosome dose effect found in these diseases through effects of TLR7 signal-
ing. Other X chromosome abnormalities including acquired X monosomy and 
skewed inactivation have not been found in SLE. The theory that genes escaping 
from X inactivation leads to increased intracellular protein concentration and sub-
sequently to autoimmunity is untested. Thus, relatively new research has identified 
pathways other than sex hormones for female sex bias in these diseases. There may 
in fact be more than one mechanism by which autoimmune disease affects mostly 
women.

Keywords
Innate immunity · Toll-like receptors · X chromosome · Lysosome pH

3.1	 �Systemic Lupus Erythematosus

Credit for the description of systemic lupus erythematosus (SLE) is commonly 
given to Libman and Sacks who found similar heart valve lesions in patients with 
the characteristic rash of lupus erythematosus [1]. However, lupus erythematosus 
was first described as a systemic illness by Moriz Kaposi in 1875 when he described 
patients with the lupus erythematosus rash who also had kidney disease and arthritis 
[2]. In the twenty-first century, SLE is considered a, if not the, prototype autoim-
mune disease. And, while many disease features might lead to classification as 
autoimmune, key components are a lymphocytic infiltration of involved organs and 
antibodies binding self in the serum of patients.

SLE can affect most any organ but common features include arthritis, rash, 
hematological deficiencies, and glomerulonephritis. A large percentage of patients 
have circulating autoantibodies that bind ribonucleoprotein complexes [3]. The 
epidemiology of SLE has been studied throughout the world [4]. In general, those of 
European origin are less commonly affected than those of African or Asian origin. 
Recent population-based epidemiology in the United States confirms that Black 
Americans are about four times more likely to have SLE than White Americans [5, 6].

Monogenic forms of SLE caused by mutations in C1q, C2, C4, or DNAase I 
serve to show that, in large measure, SLE (and its murine models) can be consid-
ered an immune reaction to abnormal apoptosis [7]. Nonetheless, specific etiology 
of SLE remains elusive. Studies of large patient cohorts demonstrate that infec-
tion with Epstein-Barr virus is necessary but not sufficient for the disease to occur 
[8–11]. A recent comprehensive study of the EBV transcription factor EBNA2 
proposes a mechanism by which EBV infection might predispose to SLE [12]. 
The disease is, at least in part, genetic as demonstrated by family and twin studies 
[13]. And, while some 100 genomic intervals have been found to have genetic 
association, the pathophysiological mechanism by which most of these genetic 
polymorphisms increase the risk of SLE is unknown [14].

However, there are immune pathways that are implicated in SLE pathogenesis. 
One such pathway involves the lysosomal toll-like receptors (TLRs) and the 
production of interferon [15]. The TLR7 and TLR8 signaling pathways are an 
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integral part of the innate immune system, and therefore are first-line immune 
defense against viruses. Single-stranded nucleic acids are bound by these receptors. 
Subsequently, downstream signaling leads to interferon and other cytokine produc-
tion. As mentioned above, the SLE antigens are most commonly ribonucleoprotein 
complexes, such as the spliceosome from which the SLE antigens Sm and nRNP are 
derived. Thus, binding of self-RNA (perhaps derived from apoptotic debris not 
cleared in a nonimmunogenic manner) could give rise to autoantibodies [16, 17]. 
This model of SLE pathogenesis is strongly supported by animal models in which 
abrogation of the TLR7 pathway ameliorates disease [18]. Interestingly though, 
both autoantibodies and increased action of interferon are present prior to the onset 
of clinical disease [19], and the trigger or triggers that produce clinical disease are 
not known.

3.2	 �Sjögren’s Syndrome

First described by the Swedish ophthalmologist Henrik Sjögren in his doctoral 
dissertation of 1937 [20], the disease is related both clinically and serologically to 
SLE. The most common clinical feature of Sjögren’s syndrome is sicca—severe dry 
mouth and dry eyes [21]. Typically, but not always, these patients have a lympho-
cytic infiltration of the salivary gland but not complete destruction of these exocrine 
glands [22]. Other (extra-glandular) manifestations include arthritis, cutaneous 
vasculitis, interstitial kidney disease, interstitial lung disease, and hematological 
deficiencies. Especially when ascertained by highly sensitive methods, a large 
percentage of Sjögren’s syndrome patients have autoantibodies binding the Ro (or 
SSB) and/or La (or SSB) ribonucleoproteins [23]. SLE patients also commonly, but 
not as frequently as Sjögren’s patients, have these same autoantibodies circulating 
in the blood [3].

Similar to SLE, the etiology of Sjögren’s syndrome is not completely known, but 
the available data indicate that much like the clinical and serological manifestations, 
underlying pathophysiological mechanisms are shared between Sjögren’s syndrome 
and SLE.  There are serological and other data suggesting a connection to EBV 
infection [24, 25], but the recent data concerning EBNA2 binding of SLE genetic 
risk alleles did not study Sjögren’s syndrome. The genetics of the disease is less 
well studied than those of SLE, but many risk alleles are common to the two diseases 
[26]. Interferon is involved in the pathogenesis of Sjögren’s syndrome as evidenced 
by increased expression of interferon-regulated genes in peripheral blood cells [27], 
a finding also present among SLE patients [28–30].

3.3	 �Sex Bias of SLE and Sjögren’s Syndrome

In cohorts of SLE patients assembled across the globe, the ratio of women to men is 
about 10:1 [4]. As noted above, there are now population-based epidemiological 
data for SLE which give good estimates for the prevalence and incidence of the 
disease among women [6]. However because of smaller numbers, these estimates 
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are not nearly as robust for men. The sex bias of SLE is greatest in childbearing 
years; however, even in prepubertal children, girls are over-represented by up to 5 to 
1 [31]. In addition, while the average onset is in the fourth decade of life, SLE con-
tinues to appear in both sexes at ages when women are postmenopausal. And, at 
these ages, women still outnumber men. Thus, the female bias of SLE does differ 
across the stages of sexual development but remains present before sexual maturity 
as well as after loss of ovarian sex hormone secretion in women. There are fewer 
epidemiological data for Sjögren’s syndrome, but virtually all cohorts of patients 
have a female:male ratio of at least 10:1 with many series approaching 15:1. 
Pediatric onset of Sjögren’s syndrome is rare [32], and the age of onset in adults is 
substantially older than the age of SLE onset [33]. Thus, much of the onset of dis-
ease is postmenopausal in women. Without question, similar to many autoimmune 
diseases, there is a strong predilection for women to be affected by both SLE and 
Sjögren’s syndrome, with the sex bias of the latter, despite the later in life onset, 
being as skewed as any of the autoimmune diseases.

There are a number of proposed, theorized, and studied explanations for the sex 
bias of these diseases (Table 3.1), which we will now discussed individually.

3.4	 �Factors Studied as an Explanation of SLE and Sjögren’s 
Sex Bias

3.4.1	 �Sex Steroids

The sex steroid hormones, namely androgens and estrogens, have clear and 
well-described effects on the immune system, which have been reviewed in detail 
[34, 35]. Nevertheless, a brief review of these effects is in order prior to describing 
studies of sex steroid hormones in SLE and Sjögren’s syndrome. For instance there 
is a reduction of TLR7 signaling in plasmacytoid dendritic cells from postmeno-
pausal women, which is restored with estrogen therapy [36]. In fact, estrogen recep-
tors are widely distributed on immune cells, including T cells. However, estrogen 
receptor α protein levels are lower in women with SLE compared to healthy controls, 
while serum estradiol levels were not different. Changed gene expression was noted 
in cultured peripheral blood T cells when treated with an estrogen receptor α antag-
onist [37]. Animal data implicate estrogen receptor α in pathogenesis that involves 

Table 3.1  Hypotheses for the sex bias of SLE and Sjögren’s, diseases that disproportionally 
affect women

Sex steroid hormones
Prolactin
Sex-biased transcription factor LL
X chromosome number
X chromosome mosaicism
X dose compensation with abnormal cytosolic protein concentration
Acquired X monosomy
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both B cells and T cells, but these data are mixed with estrogen receptor α not ame-
liorating murine lupus in some models [38–41]. In vitro autoantibody production by 
SLE patient peripheral blood cells is enhanced by estrogen treatment [42] as is 
expression of the Ro antigen by epidermal cells [43].

Levels of sex hormones among subjects with SLE are definitely abnormal. 
However, as noted by Mok at the beginning of the twenty-first century [44], most of 
the existing data do not allow a conclusion as to cause and effect. Almost all inves-
tigations are cross-sectional, cohort studies; thus, the subjects have had the disease 
for variable periods of time. Naturally, effects of the disease and its treatment [45] 
produce altered sex steroid hormones. There have only been a few studies on incep-
tion cohorts. In one study of men at the onset of SLE, androgen and estrogen levels 
were not different from healthy controls [46]. In the only study in which SLE men 
were compared to a diseased control group (namely men with congestive heart 
failure), while both patient groups had low testosterone levels, there were no differ-
ence between the groups [47]. Thus, these findings suggest that similar to other 
chronic diseases, SLE affects sex steroid hormones.

Unfortunately, there are fewer data concerning sex steroid hormones among 
Sjögren’s syndrome subjects or in animal models of the disease [48, 49]. One study 
showed that disease activity was associated with higher serum testosterone concen-
trations, but there was no association with estrogen concentrations [50]. Another 
small study of 17 patients and 19 controls showed no difference in estrogen or 
progesterone levels [51]. Oophorectomy of Sjögren’s-prone mice accelerated lacri-
mal gland’s lymphocytic infiltration, and estrogen replacement therapy prevented 
this change [52]. There are exocrine gland-derived sex steroid hormones, notably 
dihydrotestosterone, which is lower in men and postmenopausal women. Konttinen 
and colleagues speculate that lower intra-glandular dihydrotestosterone may have 
effects on the gland rather than the immune system [53, 54].

Prolactin has also been examined in SLE, but Sjögren’s syndrome is studied much 
less extensively. A recent meta-analysis showed that higher serum prolactin levels 
are associated with higher disease activity in SLE [55]. Furthermore, prolactin levels 
are associated with levels of particular cytokines in the serum of SLE patients [56]. 
Mildly elevated prolactin is found in some SLE patients. This finding has been repli-
cated many times [57, 58] as well as in animal model of SLE [59, 60]. In addition, 
two studies have found statistically significantly elevated prolactin levels in women 
with Sjögren’s syndrome with about 20% of these women having a value above 
20  ng/ml [61, 62]. There was no correlation to disease activity or manifestations 
except those diagnosed below age 45 were more likely to have an elevated prolactin 
in one study of 110 patients [61]. Treatment with bromocriptine, a dopamine agonist 
that decreases prolactin secretion, has proven effective in SLE [63–68].

Thus, elevated prolactin is found among SLE patients, especially those with 
active disease. Similar to the data concerning sex steroid hormones, these associa-
tion data do not allow a conclusion with regard to cause and effect. In fact, given the 
data that inflammatory cytokines increase secretion of prolactin from pituitary 
lactotroph cells, that prolactin is highest in active disease, and that serum prolactin 
in SLE is associated with serum cytokine levels, we conclude that elevated prolactin 
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is likely caused by the disease. Given its many functions in the immune system 
(reviewed in [57]), our conclusion does not preclude prolactin acting as an enhancer 
of SLE, however.

3.4.2	 �A Sex-Biased Transcription Factor

Liang and colleagues studied sex-bias gene expression and co-expression patterns 
in human skin and found interesting results that may impact sex bias of autoimmune 
disease [69]. This study found increased expression of the transcription factor 
vestigial-like family member 3 (VGLL3) in female skin. Female cells had increased 
nuclear localization of VGLL3 protein than male cells. A number of genes impor-
tant in inflammation were regulated by this transcription factor, and, thus, 
co-expressed. These included TNFSF13B, which encodes BAFF and ITGAM, both 
of which contain SLE risk allele single nucleotide polymorphisms (SNPs) [69]. Sex 
hormones did not regulate expression of any of these genes. A subsequent study by 
this same group found that overexpression of VGLL3 in the skin led to a lupus-like 
rash and systemic autoimmunity associated with B cell expansion, autoantibodies, 
and immune complex disease [70]. The relationship of these provocative findings to 
the sex bias of SLE and Sjögren’s syndrome remains to be defined.

3.4.3	 �X Chromosome Aneuploidies

Sex chromosome abnormalities are relatively common in the population based on 
several karyotype studies of consecutive live births. About 1 in 500 live male births 
have 47,XXY (Klinefelter’s syndrome), while about 1 in 1000 live female births carry 
a 47,XXX karyotype [71–73]. The original description of Klinefelter’s syndrome was 
in 1942 from the Harvard Medical School [74], and while there are certainly clinical 
manifestations among 47,XXY men including immunological abnormalities [75], 
most in fact are undiagnosed [73]. Meanwhile, most women with 47,XXX are undi-
agnosed and largely asymptomatic. In particular, there are no sex hormone abnormali-
ties in these women [76, 77]. Turner first described the syndrome that bears his name 
at the University of Oklahoma Health Science Center in 1938 [78]. Almost all women 
with Turner’s syndrome are diagnosed owing to short stature and/or absence of men-
ses. Complex mosaics such as 45,X/46,XX/47,XXX without a Turner’s syndrome 
phenotype may be as rare as 1 in 25,000 live female births [71–73].

There have been numerous case reports of 47,XXY found in SLE patients [79–84], 
and a smaller number in Sjögren’s syndrome [84–87]. Likewise, few are reports of 
47,XXX in both of these diseases [85, 88, 89]. And, there is a report of a 46,XX boy 
with SLE [90]. But, while these case reports are of interest, such data does not consti-
tute evidence of association or causation.

We collected about 3300 SLE patients for family and genetics studies and found 
an SLE man with 47,XXY early in this effort. This led us to systematically study 
Klinefelter’s syndrome among the men with SLE in this cohort, which is the largest 
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group of SLE men ever assembled [91]. Among a little over 300 SLE men, we found 
that about 1 in 30 had 47,XXY, almost all of them undiagnosed [92]. We calculated 
that men with Klinefelter’s syndrome have the same prevalence of SLE as women in 
their same ethnic group using Bayes’ theorem. We also had one men in this cohort 
who was 46,XX [93, 94]. When we examine the mechanism of the abnormal X and 
Y chromosome meiosis crossover leading to the transference of the sry gene (whose 
protein product is the testes determining factor) to one of the X chromosomes, we 
found the specifics to differ from the previously reported patient [90]. Thus, we con-
clude that no pseudoautosomal X gene could be responsible for the association [93]. 
We also studied a large cohort of men with Sjögren’s syndrome [95] for 47,XXY and 
found highly similar results. In particular, 4 of these 136 men had Klinefelter’s syn-
drome. Thus, Klinefelter’s syndrome is found in excess among men with either 
Sjögren’s syndrome or SLE. The latter finding has now been replicated by another 
group also studying SLE genetics [96]. Unlike abnormal sex steroid hormones and 
elevated prolactin, the diseases cannot cause supernumerary X chromosomes. Thus, 
these data suggest a causative role, as do the 47,XXX data discussed below.

Once the association of Klinefelter’s syndrome with SLE and Sjögren’s syn-
drome was established, we turned to women. In both SLE and Sjögren’s syndrome, 
we found two- to threefold excess 47,XXX [88]. We found only a single patient with 
Turner’s syndrome and SLE [97]. No women in the Sjögren’s syndrome cohort had 
Turner’s syndrome. Because Turner’s syndrome is more rare (1 in 2500 live female 
births) than either trisomy X or 47,XXY, our data do not demonstrate a statistical 
decrease of Turner’s syndrome among SLE and Sjögren’s syndrome women, but 
there is no increase. Thus, the risk of SLE and Sjögren’s varies not on the basis of 
biological sex but instead on the basis of the X chromosome complement. A dou-
bling of the number from 1 to 2 increases risk by tenfold, while a 50% increase 
(from 2 to 3) increases risk by two- to threefold (Fig. 3.1).

We also examined women for rarer X chromosome abnormalities. Among SLE 
patients, we found three patients with the rare mosaic 45,X/46,XX/47,XXX [98]. 
Each of these subjects had about 94% 46,XX cells and 3% each of the abnormal cell 
types. This very rare X chromosome aneuploidy is likely the result of a mitotic 
non-disjunction of the X chromosome at a very early stage of embryonic 

Fig. 3.1  Risk of SLE and Sjögren’s syndrome related to the number of X chromosomes. While 
the data do not convincingly demonstrate it, we hypothesize that Turner’s syndrome women 
(45,XO) segregate with 46,XY men in terms of risk of these two diseases
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development. Among the Sjögren’s syndrome women, we found a single subject 
with 45,X/46,XX/47,XXX in whom the triplication of the X chromosome was only 
partial, involving distal Xp. Another Sjögren’s syndrome subject also had a partial 
triplication of distal Xp but no mosaicism [98]. While this finding was only in these 
two individuals, these data imply that the gene or genes mediating the X chromo-
some dose effect may lie on distal Xp.

Of interest, study of murine models of SLE in 40,XX male, 40,XY male, 40,XX 
female, and 40,XY female mice supports the idea that risk of SLE varies according 
to the number of X chromosomes and not according to biologic or phenotypic sex, 
or sex hormones [99, 100]. In point of fact, in these studies of two different 
female-biased lupus models, risk and severity of disease tracked with number of X 
chromosomes in these animals in which sex is determined by an sry gene that is 
translocated from the Y chromosome to an autosome [101–103]. Thus, in murine 
and human SLE (and human Sjögren’s syndrome), risk varies with the number of X 
chromosomes.

3.4.4	 �TLR7 and CXorf21

While Forsdyke proposes a global function of proteins encoded by X chromosome 
genes in immune tolerance (discussed below), we are considering function of 
specific genes on the X chromosome that escape X inactivation. Such genes have 
higher expression in female cells than male cells. In particular, our studies are con-
centrated on two genes that not only escape X inactivation but also are located on 
distal Xp and contain SLE-associated risk alleles—namely TLR7 and CXorf21. As 
discussed above, the TLR7 signaling pathway, which is initiated by TLR7 recogni-
tion of single-stranded RNA and ends with interferon and other cytokine produc-
tion, is critical to SLE pathogenesis [15, 17]. A component of this pathway is 
SLC15a4, which regulates lysosomal antigen processing, TLR7 cytokine secretion, 
antibody production, and lysosomal pH [18, 104]. Knockout of the SLC15a4 gene 
ameliorates murine SLE [18, 105]. Furthermore, SLC15a4 is a binding partner of 
CXorf21 on the surface of the endolysosome [106].

We found that the CXorf21 protein is expressed in monocytes, B cells, and 
dendritic cells with expression roughly doubled in female cells compared to male 
cells. In studies of CXorf21 function of CXorf21, we found difference between 
male and female primary human monocytes. Knockdown of CXorf21 expression 
with CRISPR-Cas9 resulted in an abrogation of interferon, TNFα, and IL6 produc-
tion after treatment with a TLR7 ligand. This effect was present in female cells only, 
however [107]. In addition, lysosomal pH was increased; therefore less conducive 
to lysosomal antigen processing and signaling, with CXorf21 knockdown. In more 
detailed work concerning this pH difference, we found lower endolysosomal pH in 
female monocytes, B cells, and dendritic cells compared to male cells but no 
difference between male and female NK and T cells, which do no express CXorf21 
[108]. The CXorf21 sequence contains a putative short chain dehydrogenase reduc-
tase domain. If this is functional, then CXorf21 may supply hydrogen ion to 
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SLC15a4 for transport into the endolysome, and/or supply NADP to the NOX2 
complex (see Fig. 3.2). Differences in either between the sexes would lead to differ-
ences in TLR7 signaling.

Thus, endolysosomal signaling is regulated in a sex-dependent manner by 
CXorf21, which is expressed more highly in female cells because the gene encoding 
this protein escapes X inactivation. These data are consistent with female-bias 
expression of TLR7 and CXorf21 based on X chromosome number mediating some 
part of the sex bias of SLE and Sjögren’s syndrome as well as fundamental differ-
ence between immunity in men and women, especially related to interferon.

3.4.5	 �Other X Chromosome Factors

When two X chromosomes are present, one is randomly inactivated in each cell at 
the blastocyst stage of embryonic development. Because there are a small number 
of cells at this point of development, random inactivation can favor one X chromo-
some over the other such that there is a skewing with one of the X chromosomes 
inactivated in >90% of cells. Such skewing is in fact common in the general popula-
tion [109]. Nonetheless, excess skewing of X inactivation has been found in several 

Fig. 3.2  Diagram of the putative function of CXorf21, which contains an SLE risk allele, in 
relationship to the function of SLC15a4, NOX2, TLR7, all of which contain SLE-risk alleles. 
SLC15a4 and CXorf21 are known binding partners. We propose that differential CXorf21 expres-
sion between those with different numbers of X chromosomes leads to functional differences in 
TLR7 signaling, which is known to be critical to SLE and Sjögren’s syndrome pathoetiology
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autoimmune diseases including scleroderma [110, 111], autoimmune thyroid dis-
ease [112–115], and female-biased juvenile idiopathic arthritis [116]. However, 
excess extreme skewing of X inactivation has not been found in SLE [117, 118], and 
is not studied among subjects with Sjögren’s syndrome. So, while there is no evi-
dence of skewed X inactivation of peripheral blood cells from those with SLE or 
Sjögren’s syndrome, skewed X inactivation in the thymus is still possible and might 
influence T cell tolerance [118].

Turner’s syndrome patients (female 45,XO) are at higher risk of type 1 diabetes, 
celiac disease, and autoimmune thyroid disease. This risk is associated with particu-
lar karyotypes including an X isochrome [119–121]. Acquired X monosomy in 
peripheral blood mononuclear cells of women has been studied in autoimmune 
disease. Increased acquired X monosomy is found in primary biliary cirrhosis, 
scleroderma, and autoimmune thyroid disease [122, 123], but not in SLE [88, 124]. 
Once again, Sjögren’s syndrome has not been studied except in our study of X chro-
mosome aneuploides, which found excess 47,XXX (see above) but did not identify 
subjects with 45,XO [88].

Forsdyke has proposed another theory that rests on a consideration of total 
protein concentration, which would differ between male and female mammals if not 
for dose compensation for the difference between possession of one or two X chro-
mosomes [125]. Thus, Forsdyke hypothesizes that the underlying reason for X chro-
mosome dose compensation mediated by X inactivation was tolerance to self [126]. 
Thus, reactivation of silenced genes from the inactivated X chromosome would lead 
to female susceptibility to autoimmune disease [126, 127]. Thus far, this is theoreti-
cal only and the experiments needed to test this hypothesis have not been performed 
and are not clear to the authors.

3.5	 �Conclusion

There are surely more than one pathway to sex bias in autoimmune disease. More than 
one pathway may be operative in the same illness. In SLE and Sjögren’s syndrome, 
evidence for sex hormone abnormalities is lacking, but the difference in these sub-
stances between men and women may yet play a role in the observed predilection of 
these diseases for the female sex. On the other hand, SLE and Sjögren’s syndrome are 
associated with X chromosome aneuploidies such as 47,XXY and 47,XXX. These 
uncommon situations may inform the situation of 46,XY and 46,XX individuals in 
regard to the sex bias of these illnesses. Genes that escape X inactivation may mediate 
the X chromosome dose effect found in SLE and Sjögren’s syndrome.
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Abstract
Autoantibodies are immunoglobulins with specificity against self-antigens due to the 
presence of autoreactive T and B lymphocytes. Pregnancy is complicated by many 
diseases and vice versa. Various antibodies in mother during pregnancy are involved 
in maternal-fetal interactions, and the levels of various circulating antibodies in preg-
nancy may play a crucial role in the outcome of pregnancy, intrauterine fetal death or 
stillbirth, intrauterine growth restriction, pre-term birth, and so on. This chapter gives 
a brief review of the most commonly detected antibodies in pregnancy.

Keywords
Autoantibodies · Pregnancy outcome · Antinuclear antibody · Maternal 
antibody

4.1	 �Introduction

Autoantibodies are immunoglobulins with specificity against self-antigens due to 
the presence of autoreactive T and B lymphocytes. The presence of auto-reactive 
lymphocyte clones is an antithesis to the tenet of immune tolerance. Testing for 
autoantibodies is the most common diagnostic tool used for suspected autoimmune 
diseases. However, the mere presence of autoantibodies does not always denote 
autoimmune disease or predict its development in the future. Self-reactive natural 
autoantibodies are also seen in healthy individuals. Natural autoantibodies are IgM 
isotype antibodies with restricted repertoire, produced independent of antigen expo-
sure and T cell help. They are low-affinity, poly-specific antibodies produced by 
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B1B lymphocytes. They prevent high-affinity, detrimental IgG class autoantibodies 
from binding to self-antigens by blocking their antigenic determinants. They serve 
diverse immunological functions such as providing innate immune protection and 
scavenging effete cells and apoptotic cell debris, thus ensuring the removal of puta-
tive autoantigens.

Pregnancy may be complicated by many diseases and vice versa. Antibodies in 
the mother during pregnancy are involved in maternal–fetal interactions. The presence 
and levels of various circulating antibodies in pregnancy may play a crucial role in the 
outcome of pregnancy [1] as these can cross the placental barrier and cause damage to 
the fetus. So, assessment of these antibodies becomes essential in an appropriate clini-
cal setting. Examples include fetal thyroid goiter in response to maternal Graves’ 
disease, fetal heart block due to maternal anti-Ro and anti-La antibodies, fetal arthro-
gryposis multiplex congenita in association with maternal myasthenia gravis, and 
fetal brain hemorrhage due to maternal autoimmune thrombocytopenia [2].

Certain autoantibodies which are found in autoimmune diseases can impair fer-
tility, lead to pregnancy loss, intrauterine fetal death, or stillbirth, intrauterine 
growth restriction, preterm birth, and so on. Many autoantibodies have been associ-
ated with impaired fertility, and it is still not completely clear which antibody panel 
should be assessed in the management of pregnancy complications. In the absence 
of specific antibodies that are pathognomonic of pregnancy failure, it seems that a 
group of antibodies is more significant than any one antibody, and it may be more 
appropriate to assess a panel of antibodies rather than one antibody. Although many 
autoantibodies have been associated with reproductive failure, it is still not clear 
which antibodies should be assessed in the evaluation and management of infertility 
and RPL.

4.2	 �Antinuclear Antibody (ANA)

Autoimmune processes have been implicated in the pathogenesis of recurrent preg-
nancy loss (RPL). ANA is one of the contributory antibodies, and multiple studies 
have supported this notion. ANA positive cases showed significantly higher number 
of RPL and lower number of successful pregnancies [3]. Contrarily, studies have 
also shown that serologic parameters of autoimmunity are not elevated in women 
with RPL and are not associated with clinical characteristics of affected women [4]. 
Disappearance of ANA in early pregnancy could have a favorable prognostic value 
in the successive pregnancy [5]. Hence, ANA test is a potential prognostic tool for 
this condition which merits further research.

Antinuclear antibodies were detected in 31.8% of patients with a history of mis-
carriages but only in 5.7% of healthy patients with no fetal losses or autoimmunity 
by Cubillos et al. [6].

An increased prevalence of ANA was found in patients with autoimmune disease 
in Shoenfeld et  al.’s [7] study. However, their prevalence was not increased in 
patients with infertility or recurrent pregnancy.
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4.3	 �Anti-Ro/La Antibodies

Congenital heart block (CHB) is an autoantibody-mediated disorder presumably 
caused by placental transmission of maternal autoantibodies to Ro/SSA and La/SSB 
ribonucleoproteins. In a study with 163 pregnant women positive for anti-Ro/SSA 
52 kDa and/or anti-Ro/SSA 60 kDa and/or anti-La/SSB antibodies using ELISA, 24 
children born to these mothers developed CHB, and 139 had a favorable outcome 
[8]. These findings suggest that fetal echocardiography should be performed in all 
pregnant women with anti-Ro or anti-La autoantibodies.

4.4	 �Anticentromere Antibody

Anticentromere antibody is commonly detected in patients with limited forms of 
systemic sclerosis particularly CREST (Calcinosis cutis, Raynaud’s phenomenon, 
esophageal dysmotility, sclerodactyly, and telangiectasia) syndrome. However, in 
recent years anticentromere antibodies have been found to be associated with 
defects in oocyte maturation and embryonic cleavage. Women with anticentromere 
antibody also have a significantly reduced number of mature oocytes and a decreased 
embryo cleavage rate. The development of mouse embryos incubated with poly-
clonal anti-CENP-A antibody showed significant growth impairment or death.

4.5	 �Anti-Thyroid Antibodies

Anti-thyroid antibodies (ATAs) have been suggested to be independent markers of 
“at-risk” pregnancy.

Autoimmune thyroid disease is common, affecting approximately 1% of the popu-
lation, while subclinical, focal thyroiditis, and circulating thyroid antibodies can be 
found in about 15% of otherwise healthy subjects who are euthyroid. Studies have 
shown that anti-TPOAbs are strongly associated with miscarriage and LBW irrespec-
tive of gestational age [9]. Thyroid autoimmunity is frequently present in women 
with APS and recurrent abortions and is often associated with either reduced fecun-
dity or poor pregnancy outcome. Thyroid antibodies should always be evaluated in 
women with recurrent spontaneous abortions including those with aPL [10]. A meta-
analysis showed that TPOAb(+) with normal thyroid function increases the risks of 
miscarriage and premature delivery [11]. The highest incidence rates for PROM and 
low birth weight were in the TPOAb−/TgAb+ and TPOAb+/TgAb+ subjects, respec-
tively. TgAb positivity and TPOAb positivity were associated with PROM and low 
birth weight, respectively [12].

However, there is inadequate data regarding both the adverse effect of thyroid 
antibody positivity in euthyroid women on pregnancy outcomes and the effects of 
levothyroxine on these women. It seems that the results of most studies indicate 
adverse effects of thyroid antibody positivity in euthyroid women on pregnancy 
outcomes. Euthyroid women with recurrent miscarriages have increased levels of 
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autoantibodies against either thyroglobulin (aTG) or thyroid peroxidase (TPO), 
while the probability of abortion in women with ATA has been shown to be greater 
than in controls [13]. However, in Shoenfeld et al.’s [7] large study, there was no 
association with recurrent miscarriage as a whole, but anti-Tg antibodies were asso-
ciated with late pregnancy loss compared with controls. Therefore, the prognostic 
value of ATA remains uncertain. Further randomized clinical trials are needed to 
investigate the effects of treating pregnant euthyroid women with positive thyroid 
antibodies on the maternal and early/late neonatal outcomes [14].

4.6	 �Anti-prothrombin Antibodies

These antibodies are associated with pregnancy loss in cases with antiphospholipid 
antibody syndrome and are also associated with recurrent miscarriages. A trial in 2006 
showed a significantly increased level of aPT in women with infertility, and in recurrent 
pregnancy loss [7]. These antibodies were more closely associated with secondary 
abortions (miscarriages after a livebirth) than primary abortions.

4.7	 �Anti-laminin Antibodies

Laminin-1 is an integral part of basement membranes composed of glycoprotein. 
IgG anti-laminin antibodies have been associated with infertility and recurrent first-
trimester miscarriages in humans [15]. Active immunization of naive mice with 
laminin-1 followed by elevated circulating anti-laminin-1 antibodies results in 
reproductive failure [16].

4.8	 �Anti-trophoblast Antibody

During the course of a normal uncomplicated human pregnancy, the mother gener-
ates an antibody response directed against determinants present on the plasma 
membrane of the outer fetal layer of the term placenta, the syncytiotrophoblast. The 
response, measured by an ELISA that utilizes syncytiotrophoblast plasma mem-
brane as the antigenic target, is predominantly IgG in nature, but with a minor con-
tribution from IgM molecules, and maximum responses were observed during the 
first trimester and the levels gradually declined as the pregnancy progressed. Anti-
trophoblast antibodies, suggested to be directed against fetal trophoblast antigens, 
appear early in pregnancy and participate in mediating harmful immune responses, 
predisposing for recurrent miscarriage.

On a population basis, this antibody response profile was mainly restricted to 
first and second pregnancies, although anti-trophoblast antibody responses could be 
detected in multiparous women but with a greatly reduced incidence compared with 
primipara [17]. It has been demonstrated that more than 50% of women with recur-
rent spontaneous abortions were positive for the IgG isotype of this antibody com-
pared to 25% in controls [18].
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4.9	 �Maternal Antibodies to Paternal B Lymphocytes

Apart from the harmful effects on fetus due to maternal antibodies, protective serum anti-
bodies are also seen. In a study on 22 pregnant women with 27 pregnancies for antibodies 
against paternal B lymphocytes determined by the EA rosette inhibition (EAI), it was seen 
that 5 out of 12 successful pregnancies were associated with such detectable antibodies. 
However, only 1 out 15 spontaneous abortions had positive antibodies to paternal B lym-
phocytes. These results indicated that normal, but not abnormal, pregnancies were often 
associated with blocking antibody formation, with protection of fetus from abortion [19].

4.10	 �HLA Antibodies

Neonatal alloimmune thrombocytopenia (NAIT) generally results from platelet 
opsonization by maternal antibodies against fetal platelet antigens inherited from 
the infant’s father. Newborn monochorionic twins with severe thrombocytopenia 
nonresponsive to platelet transfusions and intravenous immunoglobulin were evalu-
ated in a previous study. Class I human leucocyte antigen (HLA) antibodies with 
broad specificity against several HLA-B antigens were detected in the maternal 
serum. Weak antibodies against HLA-B57 and HLA-B58 in sera from both twins 
supported NAIT as the most likely diagnosis. Transfusion of HLA-matched platelet 
concentrates was more efficacious to manage thrombocytopenia compared with 
platelet concentrates from random donors [20]. It also reported that pregnant women 
positive for anti-HLA (class I or II) antibodies may be at an increased risk of fetal 
damage and spontaneous preterm delivery [21] HLA-C-specific antibodies were 
found more often in women with recurrent miscarriages by inducing platelet activa-
tion by placental thromboxane production [22].

4.11	 �Anti-IgA Antibodies in Pregnancy

It is possible that maternal anti-IgA exerts a transplacental effect on the fetal immune 
system, causing IgA deficiency in some instances. Using an enzyme-linked immu-
nosorbent assay (ELISA) in a study of 61 serum samples from IgA-deficient preg-
nant women, it was observed antibodies to IgA2 alone in 20%, as compared with 
7.5% of pregnant women not deficient in IgA and no IgA-deficient blood donors. 
Antibodies reacting with IgA1 alone were present in occasional serum samples 
(2–7%) from all groups studied, and class-specific anti-IgA antibodies were present 
in 17% of IgA-deficient blood donors and in 16% of IgA-deficient pregnant women. 
The offspring of IgA-deficient mothers (but not of IgA-deficient fathers) had levels 
of serum IgA below the normal mean [23].
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4.12	 �Anti-Saccharomyces cerevisiae Antibodies (ASCA)

In Shoenfeld et al.’s [7] series, ASCAs were found to be associated with recurrent 
pregnancy losses. ASCAs can predict the development of the growth restriction and 
preterm labor, and fetal loss [24].

4.13	 �Anti-Human Platelet Antigen (HPA)-1a Antibodies

Fetal and neonatal alloimmune thrombocytopenia (FNAIT) is a bleeding disorder 
caused by maternal antibodies against paternal human platelet antigens (HPAs) on 
fetal platelets. Antibodies against HPA-1a account for the majority of FNAIT cases. 
Maternal anti-HPA-1a antibodies present during early pregnancy may affect placen-
tal function through binding to the HPA-1a antigen epitope on invasive thropho-
blasts. It was found that human anti-HPA-1a mAb partially inhibits adhesion and 
migratory capacity of HTR8/SVneo cells, suggesting anti-HPA-1a antibodies may 
affect trophoblast functions crucial for normal placental development [25].

4.14	 �Polymyositis Anti-SRP Antibodies and Pregnancy

Anti-SRP myopathy represents 4–6% of all the inflammatory myopathies. There are 
two cases of anti-SRP myopathy reported  with pregnancy with flare of symp-
toms  during postpartum  period. However, inactive myopathy does not  seem to 
cause serious maternal–fetal complications. Treatment (corticosteroid) of myopa-
thy during pregnancy is indicated, given the risk of worsening of symptoms during 
the postpartum period [26] (Table 4.1).

Table 4.1  Antibodies positivity in various studies with recurrent pregnancy losses

Antibody Interpretation Reference
Antinuclear 
antibody

The incidence of ANA positivity 
among the cases (35.3%) was 
significantly higher than the 
controls (13.3%) (p = 0.005)

Antinuclear antibodies predict a 
higher incidence of pregnancy 
loss in unexplained recurrent 
pregnancy loss [3]

31.8% Antinuclear autoantibodies and 
pregnancy outcome in women 
with unexplained recurrent 
miscarriage [5]

25% [7]
ASCA 19.4% [7]
Prothrombin 33% [7]
Combined (ASCA, 
aPL or 
anti-prothrombin)

52.3% [7]

Anti-Annexin 16.67% [7]
TPO 33% [7]
Anti-trophoblast 
antibody

50% [18]

Anti-HLA antibody 25–63% [22]
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Abstract
Antiphospholipid syndrome (APS) is an autoimmune disorder characterized by 
thrombosis or recurrent pregnancy losses. It is a significant cause of pregnancy 
morbidity manifesting as recurrent miscarriages in young females of reproduc-
tive age-group. Classification criteria for definite APS are met when at least one 
clinical criterion, either thrombosis (arterial, venous or small vessel) or preg-
nancy morbidity, and one laboratory criterion (persistent positivity for Lupus 
anticoagulant, anticardiolipin or anti-beta 2 Glycoprotein 1 antibodies on two or 
more occasions at least 12 weeks apart) are present. For detection of Lupus anti-
coagulant, at least 2 assays- diluted Russell viper venom time and activated par-
tial thromboplastin time based test using silica as an activator are recommended. 
Anticardiolipin and anti-beta 2 Glycoprotein 1 IgG/IgM antibodies are detected 
by enzyme linked immunosorbent assay, chemiluminescence or fluorescence 
enzyme immunoassay. Testing for lupus anticoagulant may be challenging while 
in acute phase of thrombosis and on anticoagulant therapy. Laboratory participa-
tion in external quality assurance exercises is highly recommended for standard-
ization and inter-laboratory agreement of laboratory assays. In this chapter we 
discuss the key issues in APS pertaining to women with a focus on laboratory 
testing.
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5.1	 �Antiphospholipid Antibody Syndrome (APS)

APS is an autoimmune disorder characterised by a propensity to thrombosis or 
recurrent pregnancy losses with persistent positivity for one or more of the antibod-
ies—Lupus anticoagulant (LAC), anticardiolipin antibody (aCLa) and anti-beta 2 
Glycoprotein 1 antibodies (aβ2GPI). It has an estimated incidence of five cases per 
100,000 people per year, and is the most common cause for acquired thrombophilia 
manifesting as deep vein thrombosis, young stroke in patients less than 50 years and 
recurrent pregnancy losses. APS can manifest alone or secondary to diseases par-
ticularly systemic lupus erythematosus (SLE) and rheumatoid arthritis. Being pri-
marily a disease of young individuals especially females in the reproductive age 
group, it is a significant cause of morbidity in this segment of the population.

5.1.1	 �APS and Other Autoimmune Disorders

APS is associated with other autoimmune disorders (AD). Perhaps the strongest 
association is with systemic lupus erythematosus (SLE) [1]. In fact, the antiphos-
pholipid antibodies (aPLas) were first detected in patients with SLE [1]. According 
to different series, aPLas are seen in 12–44% of SLE patients [2, 3]. In a meta-
analysis, the presence of lupus anticoagulant in SLE led to a sixfold risk of throm-
botic events [4]. In a recent study comprising 376 patients with SLE, the prevalence 
of aPLas was 54%. However, APS was present in 9.3% patients [5]. Positivity for 
rheumatoid factor, pulmonary and cardiovascular involvement was significantly 
associated with APS [5]. aPLas may be present silently without changing the natural 
history of the disease while in some aPLas may lead to thrombotic events and 
increased obstetric morbidity. aPLas were found in 43% of patients with autoim-
mune thyroiditis, 17% of patients with systemic vasculitis and 30% of patients with 
primary Sjögren’s syndrome [6–8]. aPLas have also been reported in Behcet’s dis-
ease, though to a more variable extent with a positivity rate ranging from 13.5% to 
40% [9, 10]. There is lack of clarity on the pathogenetic mechanism of aPLas in 
Behcet’s disease  (BD) [11]. In a prospective study comprising 98 patients with 
newly diagnosed giant cell arteritis (GCA) and/or polymyalgia rheumatica, anticar-
diolipin antibodies (aCLas) were detected in 20.4% of the patients [12]. Merkel 
et  al. reported aCLa in 16% of patients with rheumatoid arthritis (RA) and SLE 
[13]. APS may also be associated with systemic sclerosis, systemic vasculitis, der-
matopolymyositis, primary biliary cirrhosis and autoimmune hepatitis. Many auto-
immune disorders are common in females and hence these antibodies are likely to 
test positive in a number of female patients.

5.1.2	 �APS in Women (Pregnancy, Infertility, Adolescence)

Pregnancy morbidity is the hallmark of APS. It is implicated as the underlying cause 
in 10–15% of the women with recurrent miscarriages, the most common obstetric 
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complication of APS [14]. Approximately, 50% of the APS-associated pregnancy 
losses occur in the first trimester [14]. Other than foetal loss, pregnancy-related 
morbidity includes early delivery, oligohydramnios, neonatal prematurity, intrauter-
ine growth restriction, foetal distress, placental insufficiency, pre-eclampsia or 
eclampsia and HELLP syndrome (haemolytic anaemia, elevated liver enzymes and 
low platelet counts, arterial or venous thrombosis). Circulating aPLas have been 
found as the main risk factor in 7–25% of early recurrent pregnancy loss (RPL) 
[15]. The risk of RPL varies with the different types of antibodies. The presence of 
aCLa is associated with an odds ratio (OR) of 22.6 for subsequent pregnancy losses 
[16]. The presence of anti-β2GPI antibodies increases the risk of RPL from 6.8% to 
22.2% in comparison with women with LAC or aCLa [17].

The risk of venous thromboembolism (VTE), which is 4–5 times higher in pregnant 
and post-partum period, is further increased in the presence of APS [14]. Additionally, 
arterial thrombosis leading to cerebral ischaemia and manifesting as stroke in young 
women has also been found to be strongly associated with aPLas [18]. There have been 
several studies on the role of aPLas in infertility with conflicting results, some of which 
indicate that the chances of spontaneous conception and/or conception with in vitro 
fertilisation are reduced in the presence of aPLas [19]. Bleeding is a rare manifestation 
in females with aPLas. The occurrence of non-neutralising anti-prothrombin (aPT) 
antibodies can result in a haemorrhagic diathesis [20].

5.1.3	 �Pathogenetic Role of the aPLas

The aPLas are a heterogeneous group of autoantibodies with varied targets. 
Currently, of these, the ones that are considered of diagnostic relevance for the pur-
pose of classification are the LAC, IgG and IgM isotypes of the aCLa and aβ2GPI 
antibodies. The primary targets for these antibodies are phospholipid-binding pro-
teins which are present in many cell surfaces. The risk of a thrombotic event in 
asymptomatic persons positive for LAC, aCLa and aβ2GPI antibodies is 5.3% per 
year [21]. β2GPI acts as a cofactor that facilitates the binding between aPLa and 
phospholipid. β2GPI is probably a natural inhibitor of coagulation with antiangio-
genic and anti-apoptotic activities. β2GPI can adopt two different conformations: a 
circular ‘closed’ conformation in plasma, and an ‘activated’ open conformation. On 
binding to anionic phospholipids, there is a conformational change from the circular 
to open unfolded form that exposes antigenic determinants where the antibody can 
bind [22]. Bound antibody–β2GPI complexes to a number of receptors on phospho-
lipid membranes trigger intracellular signalling and inflammatory responses. The 
β2GPI complex comprises five domains with the pathogenic effects closely related 
to antibodies that target domain 1.

The role of other antibodies referred to as the ‘non-criteria antibodies’, such as 
specific antibodies against phosphatidic acid, phosphatidylserine–prothrombin 
complex, vimentin–cardiolipin complex, protein C-S, factor X, factor XII, Annexin 
A2 and Annexin A5, in the pathogenesis of APS is not yet established [23].
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Although, there is a clear association between aPLa and thrombosis/pregnancy 
morbidity, other pathogenic processes are also involved in the development of 
APS—‘double-hit theory’. The factors that trigger thrombosis could be genetic, 
endothelial injury, inflammation and infectious diseases, immune-mediated and 
other non-immune procoagulant factors [23]. This, probably, explains why all 
patients with aPLas do not develop thrombosis.

The other important mechanisms that play a role in thrombotic manifestations in 
APS include complement activation, generating C3a and C5a, resulting in vascular 
injury, activation of mTOR signalling pathway contributing to endothelial and inti-
mal cell proliferation, which may result in peripheral ischaemia, skin ulcers, micro-
thrombi generation, diffuse alveolar haemorrhage and nephropathy, acquired 
activated protein C resistance and down-regulation of the TF pathway inhibitor 
(TFPI) by anti-TFPI antibodies (aTFPI).

Binding of aPLas to monocytes, platelets, endothelium and plasma proteins of 
the coagulation cascade may cause placental thrombosis. Another proposed mecha-
nism for aPLa-induced placental thrombosis is the disruption of protective Annexin 
A5 shield on placental trophoblast and endothelial cell layers. Once the aPLas bind 
and interfere with the function of Annexin A5 on the surface of trophoblastic cells 
of the placental intervillous space, the proliferation and syncytia formation are 
inhibited, which induces cell injury and apoptosis, decreases the human chorionic 
gonadotrophin production and leads to abnormal placentation [24].

5.1.4	 �APS Diagnostic Criteria

Classification criteria for definite APS are met when at least one clinical criterion, 
either thrombosis (arterial, venous or small vessel) in any tissue or pregnancy mor-
bidity, and one laboratory criterion (LAC, aCLa or aβ2GPI antibodies) are present 
[25]. The pregnancy morbidity criteria include ≥3 pregnancy losses before 10 weeks 
of gestation, ≥1 pregnancy loss at/after 10 weeks of gestation and preterm birth 
before 34 weeks of gestation due to eclampsia/pre-eclampsia or placental insuffi-
ciency. Positive laboratory tests should be confirmed 12  weeks after the initial 
testing.

5.2	 �Laboratory Testing for APS

5.2.1	 �Who to Test?

Positive immunoassays have ranged from 3% to 20% in asymptomatic and healthy 
individuals in various clinical studies [26]. Based on the recommendations of ‘The 
Antiphospholipid Antibodies Subcommittee of the International Society of 
Thrombosis and Hemostasis’ on selecting patients for aPLa testing, three categories 
have been suggested (Table 5.1)
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	(a)	 low appropriateness group includes elderly patients with venous or arterial 
thrombosis

	(b)	 moderate appropriateness group includes young patients with recurrent 
spontaneous early pregnancy loss and provoked venous thromboembolism 
and asymptomatic healthy patients who are incidentally found to have a pro-
longed aPTT and

	(c)	 high appropriateness group includes young patients (below 50  years of age) 
with unprovoked and unexplained venous thromboembolism and with arterial 
thrombosis, unusual site thrombosis (cerebral veins, dermal veins or abdominal 
veins), pregnancy loss in the late gestation and any thrombotic event or preg-
nancy morbidity with an underlying autoimmune disease [26].

5.2.2	 �What Test to Do?

For the laboratory diagnosis of APS, immunological assays (ELISA-based) or chemi-
luminescence (CLIA) or fluorescence enzyme immunoassays (FEIA) detecting aCLa 
and aβ2GPI antibodies  and clot-based assays that detect LAC by measuring their 
effect on the coagulation system are recommended.

The standardisation for aCLa is influenced by a major challenge of defining its 
cut-off value. There is an inter-laboratory variation and disagreement between dif-
ferent assay kits and methods particularly when the antibody levels are in the lower 
range [27]. The current guidelines require only medium and high levels (greater 
than the 99th percentile or >40 units IgG or IgM antibody titre of aCLa), thereby 
improving the specificity of the test [27]. Though different studies have reported a 
lack of correlation between aCLa and thrombosis or pregnancy morbidity, testing 
for aCLa is still included in the diagnostic criterion as it carries a high sensitivity 
despite low specificity [27]. Nonspecific positivity has been reported in syphilis, 
Lyme disease, EBV, CMV, HIV and HCV infections.

The variation between different laboratories is relatively less for aβ2GPI than the 
aCLa assay. However, testing for aβ2GPI antibodies also needs standardisation of 
the assay components including ELISA plates, calibrators and concentration of 
b2GPI. The aβ2GPI antibody assay has higher specificity than aCLa for diagnosing 

Table 5.1  Summary of recommendations of laboratory testing for APS according to 2006 
International consensus statement

1. Detection of Lupus anticoagulant (LAC) in plasma on two or more occasions at least 
12 weeks apart

2. Detection of β2GPI-dependent anticardiolipin antibodies (aCLa) of IgG/IgM isotype in 
plasma or serum, present at higher levels (>40 GPL or MPL or >99th percentile of normal 
controls) on two or more occasions at least 12 weeks apart, measured by solid-phase assays 
(ELISA or automated systems)

3. Detection of aβ2GPI-antibodies (aβ2GPI) of IgG/IgM isotype in plasma or serum, present at 
higher levels (>99th percentile of normal controls) on two or more occasions at least 12 weeks 
apart, measured by solid-phase assays (ELISA or automated systems)
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APS as these aPLas have a higher predilection for vascular thrombosis and preg-
nancy morbidity including pre-eclampsia and eclampsia. Therefore, they are of 
value when the aCLa and LA are negative and the clinical index of suspicion for 
APS is high.

For both aCLa and aβ2GPI, IgM positivity could be false positive in the lower 
range, particularly in the presence of rheumatoid factor (RF) and cryoglobulins.

5.2.2.1	 �Lupus Anticoagulant (LAC)
Lupus anticoagulant assays show a strong correlation with thrombosis, pregnancy 
morbidity or foetal loss and thrombosis in SLE patients when compared to aCLa. 
Detection of LAC is based on its in  vitro functional inhibition of phospholipid-
dependent steps in the coagulation cascade. Several types of phospholipids are 
available. The current recommendation is to perform two LAC assays as no single 
assay is 100% sensitive for LAC detection. The diluted Russel viper venom time 
(dRVVT) and aPTT-based test using silica as an activator with low concentration of 
phospholipids are used for screening. In a patient with LAC, the screen clotting time 
will be prolonged [27]. The mixing step can then be performed to exclude a factor 
deficiency which may also result in prolonged bleeding times. This is achieved by a 
1:1 mixing of test plasma with normal pooled plasma (NPP), which will correct the 
prolonged clotting time due to factor deficiency. Finally, in the confirmation step, 
the phospholipid dependency of the LAC is confirmed by repeating the test with a 
reagent with a high concentration of phospholipids (preferably bilayer or hexagonal 
phase type). There is a poor inter-laboratory agreement and lack of standardisation 
for the several LAC assays available. The Sydney criteria recommends integration 
of the screening and confirmation steps into one assay so that it becomes less time 
consuming, has higher diagnostic accuracy and inter-laboratory agreement [27]. 
Thrombin time should also be performed before LAC assay to exclude the interfer-
ence by heparin, which patients with APS are likely to be receiving at some point of 
management.

Performing the coagulation-based LAC assays is discouraged during the acute 
phase of thrombosis and also when the patient is on oral anticoagulant therapy, until 
the international normalised ratio (INR) falls below 1.5 [27]. Oral anticoagulant 
may be discontinued, bridged with low-molecular-weight heparin (LMWH), and 
the blood sample may be collected after 12 h of the last dose of heparin.

5.2.3	 �Sample Considerations

Doubly centrifuged, platelet poor (with a platelet count of <10,000/μl) citrated 
plasma (0.109 M sodium citrate) is the recommended sample for testing for LAC 
[27]. Plasma or serum may be used for aCLa or aβ2GPI antibodies. The sample may 
be stored at −20 °C for up to 4 weeks and at −80 °C for 6 months or more [28]. 
Icteric, lipemic or haemolysed samples should be avoided as bilirubin, triglycerides 
and haemoglobin may interfere with results of automated coagulation analysers. 
Cryoglobulins, rheumatoid factor, monoclonal immunoglobulins and heterophile 
antibodies may yield false-positive results [28].
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5.2.4	 �Testing While on Anticoagulant Therapy

According to ISTH recommendations, LAC assay can be performed on an undiluted 
plasma in a patient on oral Vitamin K antagonists if the international normalised 
ratio (INR) is less than 1.5. However, if the INR is between 1.5 and <3.0, a 1:1 dilu-
tion of patient plasma and NPP is required to correct the interference by Vitamin 
K-induced factor deficiency which may prolong the screen and confirm times [28]. 
For the patients who are on unfractionated heparin (UFH), results should be inter-
preted with caution or else testing should not be done [28].

5.2.5	 �Effect of Directly Acting Oral Anticoagulants (DOACs) 
on aPLa Testing

DOACs like Dabigatran, Apixaban, Edoxaban and Rivaroxaban are currently being 
used in the treatment and prevention of venous thromboembolism. These drugs 
interfere with coagulation assays for thrombophilia including dRVVT-based LAC 
assay giving rise to false-positive result, particularly in the presence of CMAX (peak 
plasma levels and anticoagulant effect of drug). Therefore, it is recommended to 
perform LAC assay preferably at CTROUGH, i.e. 12–24 h after the last dose for twice 
or once daily administration, respectively [29]. ELISA-based aPLa assays are not 
affected by DOACs [29].

5.2.6	 �The Testing Algorithm

We currently perform aPLa testing on nearly 4000 patients referred annually. The 
algorithm in use at our centre is shown in Fig. 5.1.

5.2.7	 �Issues Associated with Laboratory Testing for aPLas

Improper sample collection and timing of sample may compromise the results of 
the LAC test. It is difficult to repeat the test at the recommended time since many 
patients are still on anticoagulant therapy at the end of 3  months. Studies have 
shown that triple positivity for all three aPLas—LAC, aCLa and aβ2GPI—at initial 
diagnosis has the highest likelihood of testing positive in repeat testing and may do 
away with the need for repeat testing in the future. In a study of 1222 patients with 
documented thrombosis screened for aPLas, 47 patients (3.85%) had thrombotic 
APS. Triple positivity was associated with the highest positive predictive value of 
APS (88.9%) [30].

Laboratory participation in external quality assurance exercises is recommended. 
Reference ranges for the antibodies in the paediatric population are not available, 
and most laboratories are forced to use the cut-off values defined in adults.
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5.3	 �Treatment and Prophylaxis

Treatment of thrombotic APS in an acute episode of first venous thrombosis man-
dates parenteral anticoagulation with heparin (UFH or LMWH) followed by oral 
anticoagulation with vitamin K antagonist (VKA) with a target INR of 2–3. In a 
secondary venous event or arterial thrombosis, the target INR should be in the range 
of 2.5–3.5. After an acute event, long-term prophylaxis with oral anticoagulant is 

Fig. 5.1  An algorithmic approach for lab testing for APS
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recommended. In an obstetric APS, the treatment is based on aspirin combined with 
heparin that is continued up to 6  weeks of delivery. Triple therapy is offered to 
patients with catastrophic APS (CAPS) that required anticoagulation, plasmapher-
esis or intravenous immunoglobulin and corticosteroids. In patients with SLE, addi-
tion of hydroxychloroquine (HCQ) to anticoagulant therapy is considered as it 
reduces the aPLa titres.

5.4	 �Conclusions

Antiphospholipid antibodies are frequently associated with autoimmune disor-
ders. When accompanied by thrombotic events or pregnancy losses, they consti-
tute the APS. Though a large number of antibodies have been implicated in APS, 
currently testing of LAC, aCLa and aβ2GP1 antibodies is recommended. Repeat 
testing excludes transient positivity usually associated with infections. Triple pos-
itivity of the antibodies is associated with highest positivity for APS. The clinical 
spectrum of APS may need to be expanded to include other manifestations. Better 
standardisation and harmonisation of laboratory testing and updated tests to cater 
for new therapeutic modalities are the need of the hour.

References

	 1.	Sebastiani GD, Galeazzi M, Tincani A et al (1999) Anticardiolipin and anti-beta2GPI antibod-
ies in a large series of European patients with systemic lupus erythematosus. Prevalence and 
clinical associations. European Concerted Action on the Immunogenetics of SLE.  Scand J 
Rheumatol 28:344–351

	 2.	Soltesz P, Veres K, Lakos G, Kiss E, Muszbek L, Szegedi G (2003) Evaluation of clinical and 
laboratory features of antiphospholipid syndrome: a retrospective study of 637 patients. Lupus 
12:302–307

	 3.	Love PE, Santoro SA (1990) Antiphospholipid antibodies: anticardiolipin and the lupus anti-
coagulant in systemic lupus erythematosus (SLE) and in non SLE disorders. Ann Int Med 
112:682–698

	 4.	Wahl DG, Guillemin F, de Maistre E, Perret C, Lecompte T, Thibaut G (1997) Risk for venous 
thrombosis related to antiphospholipid antibodies in systemic lupus erythematosus—a meta-
analysis. Lupus 6:467–473

	 5.	Franco JS, Molano-González N, Rodríguez-Jiménez M et  al (2014) The coexistence of 
antiphospholipid syndrome and systemic lupus erythematosus in Colombians. PLoS One 
9:e110242

	 6.	Nabriski D, Ellis M, Ness-Abramof R, Shapiro M, Shenkman L (2000) Autoimmune thyroid 
disease and antiphospholipid antibodies. Am J Hematol 64:73–75

	 7.	Rees JD, Lanca S, Marques PV et al (2006) Prevalence of antiphospholipid syndrome in pri-
mary systemic vasculitis. Ann Rheum Dis 65:109–111

	 8.	Fauchais AL, Lambert M, Launay D et  al (2004) Antiphospholipid antibodies in primary 
Sjögren’s syndrome and clinical significance in a series of 74 patients. Lupus 13:245–248

	 9.	Hull RG, Harris EN, Gharavi AE et  al (1984) Anticardiolipin antibodies: occurrence in 
Behcet’s syndrome. Ann Rheum Dis 43:746–748

	10.	Mader R, Ziv M, Adawi M, Mader R, Lavi I (1999) Thrombophilic factors and their rela-
tion to thromboembolic and other clinical manifestations in Behçet's disease. J Rheumatol 
11:2404–2408

5  Laboratory Testing for the Antiphospholipid Syndrome



66

	11.	Tokay S, Direskeneli H, Yurdakul S, Akoglu T (2001) Anticardiolipin antibodies in Behcet’s 
disease: a reassessment. Rheumatology (Oxford) 40:192–195

	12.	Chakravarty K, Pountain G, Merry P, Byron M, Hazleman B, Scott DG (1995) A longitu-
dinal study of anticardiolipin antibody in polymyalgia rheumatica and giant cell arteritis. J 
Rheumatol 22:1694–1697

	13.	Merkel PA, Chang Y, Pierangeli SS, Convery K, Harris EN, Polisson RP (1996) The prev-
alence and clinical associations of anticardiolipin antibodies in a large inception cohort of 
patients with connective tissue diseases. Am J Med 101:576–583

	14.	Di Prima FA, Valenti O, Hyseni E, Giorgio E, Faraci M, Renda E et al (2011) Antiphospholipid 
syndrome during pregnancy: the state of the art. J Prenat Med 5:41–53

	15.	Jaslow CR, Carney JL, Kutteh WH (2010) Diagnostic factors identified in 1020 women with 
two versus three or more recurrent pregnancy losses. Fertil Steril 93(4):1234–1243

	16.	Kutten WH, Rote NS, Silver R (1999) Antiphospholipid antibodies and reproduction. Am J 
Reprod Immunol 4:13–152

	17.	Oron G, Ben-Haroush A, Goldfarb R, Molad Y, Hod M, Bar J (2011) Contribution of the addi-
tion of anti-β2-glycoprotein to the classification of antiphospholipid syndrome in predicting 
adverse pregnancy outcome. J Matern Fetal Neonatal Med 24:606–609

	18.	Brey RL, Stallworth CL, McGlasson DL, Wozniak MA, Wityk RJ, Stern BJ et  al (2002) 
Antiphospholipid antibodies and stroke in young women. Stroke 33:2396–2400

	19.	Ulcova-Gallova Z (2014) The role of antiphospholipid antibodies (aPls) in infertile women: 
the long-lasting experience. Reprod Med Biol 14:49–55

	20.	Forastiero R (2012) Bleeding in the antiphospholipid syndrome. Hematology 17(Suppl 
1):S153–S155

	21.	Lockshin MD, Kim M, Laskin CA et al (2012) Prediction of adverse pregnancy outcome by 
the presence of lupus anticoagulant, but not anticardiolipin antibody, in patients with antiphos-
pholipid antibodies. Arthritis Rheum 64:2311–2318

	22.	Agar C, van Os GM, Morgelin M et al (2010) Beta2-glycoprotein I can exist in 2 conformations: 
implications for our understanding of the antiphospholipid syndrome. Blood 116:1336–1343

	23.	Arachchillage DRJ, Laffan M (2017) Pathogenesis and management of antiphospholipid syn-
drome. Br J Haematol 178:181–195

	24.	Rand JH, Wu XX, Andree HA et al (1997) Pregnancy loss in the antiphospholipid-antibody 
syndrome—a possible thrombogenic mechanism. N Engl J Med 337:154–160

	25.	Miyakis S, Lockshin MD, Atsumi T et  al (2006) International consensus statement on an 
update of the classification criteria for definite antiphospholipid syndrome (APS). J Thromb 
Haemost 4:295–306

	26.	Rand JH, Wolgast LR (2012) Dos and don’ts in diagnosing antiphospholipid syndrome. 
Hematology Am Soc Hematol Educ Program 2012:455–459

	27.	Devreese K, Hoylaerts M (2010) Challenges in the diagnosis of the antiphospholipid syn-
drome. Clin Chem 56:930–940

	28.	An GD, Lim HH, Han JY (2017) Laboratory diagnosis of antiphospholipid syndrome. Clin 
Exp Thromb Hemost 3:2–7

	29.	Douxfils J, Ageno W, Samama CM, Lessire S, Ten Cate H, Verhamme PJ et  al (2018) 
Laboratory testing in patients treated with direct oral anticoagulants: a practical guide for 
clinicians. Thromb Haemost 16:209–219

	30.	Ahluwalia J, Sreedharanunni S, Kumar N, Masih J, Bose SK, Varma N et al (2016) Thrombotic 
primary antiphospholipid syndrome: the profile of antibody positivity in patients from North 
India. Int J Rheum Dis 19:903–912

J. Ahluwalia and S. Sharma



67© Springer Nature Singapore Pte Ltd. 2020
S. K. Sharma (ed.), Women’s Health in Autoimmune Diseases, 
https://doi.org/10.1007/978-981-15-0114-2_6

S. Kumar (*) 
Nehru Hospital, Postgraduate Institute of Medical Education and Research, Chandigarh, India

6Fertility and Pregnancy in Autoimmune 
Diseases

Susheel Kumar

Abstract
Autoimmune diseases usually affect females in their reproductive years of age. 
Fertility, fecundity and the foetal outcome are affected by these disorders. 
Conversely, the course of these diseases might be affected by the pregnant state. 
Clinicians dealing with these patients should be well versed with the interaction 
between autoimmune disease and pregnancy. Previously pregnancy in these 
women used to be discouraged as there was fear of worsening of autoimmune 
disorder besides the possibility of a poor obstetric outcome. The approach and 
outlook to pregnancy in these patients have changed considerably now. 
Preconception counselling, maintaining disease in stable remission state, 
withdrawal of potentially teratogenic medications, availability and substitution 
with safe drugs to maintain remission besides close anti-natal follow-up of these 
patients have tremendously improved the maternal and foetal outcome. We here 
review some of the important autoimmune disorder with special emphasis on 
fertility and pregnancy in them.

Keywords
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A major chunk of patients with autoimmune diseases is composed of women in 
their reproductive years of age. There is sufficient epidemiological, clinical and 
immunological proof emphasizing the important role of female sex hormones in 
etiopathogenesis of many autoimmune disorders. These diseases affect the fertility, 
fecundity, pregnancy course and perinatal outcome. Conversely, pregnancy might 
affect the disease course in these patients.
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6.1	 �Fertility and Pregnancy in Rheumatoid Arthritis

Rheumatoid arthritis (RA) is a chronic autoimmune systemic disorder with 
predominant joint involvement. The prevalence of this chronic inflammatory disor-
der varies from 0.5% to 1%. It affects fertility and pregnancy outcome [1]. Fertility 
is basically the ability to procreate within a year of regular sexual intercourse. Many 
studies have documented reduced fertility in females harbouring these disorders. 
Reduced fertility may be secondary to the primary autoimmune disease process 
itself. Pain, reduced libido, malnutrition, depression, medical therapies, informed 
decisions by patients on family size and genital disorders may contribute to lower 
fertility. Production of various antibodies targeted against corpus luteum, endome-
trium and dysfunction of hypothalamic–pituitary–adrenal axis also contributes to 
reduced fertility. In an observational population-based study from Norway, a com-
parison was undertaken of fertility rates in patients with chronic inflammatory 
arthritides including RA with age-matched women selected from the national popu-
lation registry. Among 338 RA patients, higher percentages of women were found 
nulliparous as compared to women from matched reference population (28.4% vs 
24.5%). These patients of chronic inflammatory arthritides also had a smaller fam-
ily size [2]. Studies both prospective and retrospective observational across various 
regions have uniformly noted an improvement in disease activity during pregnancy 
in RA patients. The earliest documentation of substantial improvement in disease 
activity was made by Hench [3]. Studies reported from 1950 to 2000 had shown 
spontaneous improvement of disease activity which ranged from 54% to as high as 
95%. But later reported studies especially prospective observational studies have 
shown improvement rate to be lower [1]. In a nationwide prospective study from the 
Netherlands over a period of 4 years, 84 patients and their pregnancies were pro-
spectively assessed using validated tools of objective disease activity assessment. 
There was an improvement in 48% of patients having DAS28 >3.2 in the first tri-
mester of pregnancy. There was an increase in the percentage of patients attaining 
disease remission from 17% in the first trimester to 27% in the third trimester. From 
preconception to the third-trimester visit, mean DAS28 dropped 0.4 points [4]. In 
another large prospective nationwide study from Britain, 140 pregnant females with 
RA were assessed. The health assessment questionnaire score showed improvement 
during pregnancy. The improvement in joint pain and swelling was reported in 
almost two-thirds of patients. 23 (16%) patients were in complete remission [5]. 
The subgroup of patients negative both for rheumatoid factor and anti-citrullinated 
peptide antibodies show improvement in disease activity. The effect of rheumatoid 
arthritis on obstetric outcome has been reported in various retrospective and pro-
spective studies. Many studies in past though smaller in size have not shown greater 
risk of spontaneous abortions. In a large study reported from Norway, a total of 
1578 women with RA were analysed in terms of numbers of early and late miscar-
riages. Compared to the reference population, higher risk of miscarriage both early 
and late was noted in RA patients [6]. Studies have uniformly shown an increased 
rate of preterm delivery in women with RA. In a retrospective observational study, 
the largest US inpatient care database, Nationwide Inpatient Sample of Healthcare 
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Cost and Utilization Project database, with 31,439 RA women with pregnancy was 
analysed. It showed a substantially higher rate of hypertensive disorders, preterm 
delivery, intrauterine growth restriction and caesarean section delivery after adjust-
ing for potential confounders in pregnant women with RA as compared to the refer-
ence population [7]. In another large retrospective cohort study from the USA 
analysed 6068 pregnant patients with rheumatoid arthritis. A higher percentage of 
patients with RA developed pre-eclampsia/eclampsia, had preterm delivery and 
small for gestational age (SGA) babies [8]. In a prospective cohort study, over a 
period of 9 years, 440 pregnant women with RA were enrolled. This study showed 
a higher risk of preterm delivery and SGA babies with increasing disease activity 
scores. The adjusted relative risk of preterm delivery increased by 58% with each 
unit increase in health assessment questionnaire disability index [9]. A prevalence 
study from 1994 to 2006 studied combined Swedish and Danish population of 1199 
women with RA. It showed a higher prevalence of preterm delivery and SGA babies 
[10]. There was lower birth weight in the offsprings documented in the subgroup of 
RA patients with disease activity in a study reported by de Man et al. [4]

6.2	 �Fertility and Pregnancy in Systemic Lupus 
Erythematosus

SLE is an autoimmune disorder which might involve multiple organ systems with 
chronic disease course punctuated by relapses and remissions. Female in reproduc-
tive age groups are primarily involved by this inflammatory disorder, underlining the 
importance of knowing the course of pregnancy and maternal/foetal outcome in 
these patients [11, 12]. In a multicentre study enrolling patients from SLICC incep-
tion cohort, a total of 339 patients with SLE were recruited. A large number of 
patients (42%) never reported being pregnant [13]. There are various reasons postu-
lated for suboptimal fertility in these patients. Some of them are as follows: produc-
tion of anticorpus luteum antibodies, autoimmune oophoritis leading to diminished 
ovarian reserve, prolonged inflammatory state producing dysfunction of the hypotha-
lamic–pituitary–ovarian axis, gonadotoxic chemotherapy agents such as cyclophos-
phamide, lupus nephritis causing renal failure, antiphospholipid syndrome and 
psychosocial issues. As compared to RA, the effect of pregnancy on SLE disease 
course is conflicting. There are studies reporting both increased rates of flare and no 
increase in disease activity during pregnancy. Overall scrutiny of studies though 
reveals a higher rate of disease flare, but most of these are of mild to moderate sever-
ity. Disease flares are more common in patients with lupus nephritis. Past history of 
a lupus flare, discontinuation of hydroxyl-chloroquine and serological activity at the 
time of conception are important predictors of lupus flare during pregnancy [11, 12]. 
Disease activity assessment sometimes becomes tricky during pregnancy as some of 
the physiological changes occurring during pregnancy and few of pregnancy-related 
complications closely mimic symptoms and signs elicited by lupus flare. One impor-
tant issue pertains to differentiating active lupus nephritis from pre-eclampsia. A 
nationwide study reported by Clowse et  al. compared maternal and pregnancy 
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outcomes among pregnant patients with SLE and a reference population. The study 
showed higher rates of pre-eclampsia, preterm labour and caesarean sections in lupus 
patients [14]. In a systematic review and meta-analysis, 37 studies with 1842 SLE 
patients and 2751 pregnancies were analysed. Various forms of maternal complica-
tions noted were lupus flare (25.6%), hypertension (16.3%), pre-eclampsia (7.6%) 
and eclampsia (0.8%). Two important factors contributing to maternal complications 
were active nephritis and the presence of antiphospholipid antibodies [15]. There has 
been a progressive drop in the rate of adverse foetal outcome in these patients over 
the years. A study from the USA reported a substantial decrease in SLE pregnancy 
loss from a mean of 43% in 1960–1965 to 17% in 2000–2003 [16]. This report of 
improvement in foetal outcome is the result of good planning of pregnancy, better 
control of lupus activity preconceptionally, close monitoring of patients and avail-
ability of better medications for control of lupus flare during pregnancy. Despite 
remarkable improvement in foetal outcome, still, pregnancy in SLE carries a higher 
risk of complications than the normal population. A systematic review and meta-
analysis of 1842 pregnant patients of SLE reported wide spectrum of foetal compli-
cations including spontaneous abortion (16.0%), stillbirth (3.6%), neonatal deaths 
(2.5%) and intrauterine growth retardations (12.7%) [15]. A meta-analysis under-
taken of 11 studies published between 2001 and 2016 analysed 3395 pregnant 
women with SLE. It showed significantly higher rate of spontaneous abortion, pre-
mature delivery and small for gestational age babies. Besides, higher number of 
infants delivered by SLE patients required neonatal intensive care unit care and had 
congenital defects [17]. One of the most important predictors of pregnancy outcome 
in these patients is the severity of disease activity. Greater disease activity months 
prior to conception and during pregnancy significantly worsens foetal outcome. 
Active lupus nephritis, elevated dsDNA and low complement predict bad outcome. 
Another important parameter associated uniformly with poor pregnancy outcome is 
the presence of antiphospholipid antibodies. The positivity rate for antiphospholipid 
antibodies in SLE patients has ranged from 34% to 44% in some of the bigger studies. 
Recently some of the novel predictors of poor pregnancy outcomes reported are 
serum ferritin, uric acid, oestradiol and uterine artery Doppler findings. Larger 
studies are required before these could be incorporated in the routine investigative 
armamentarium. Entity termed neonatal lupus syndrome results from transplacental 
transfer of Anti-Ro/La antibodies. It manifests in the form of spontaneously resolv-
ing skin rash or more dramatically in the form of congenital heart block (CHB). 
Other manifestations noted are thrombocytopenia and liver function test abnormali-
ties. The risk of developing CHB is 2% but rises substantially to 15–20% in patients 
with a past history of a similarly affected pregnancy. Close monitoring is advised 
with foetal cardiac ultrasound from 16–20 week of gestation. Studies have shown a 
significant reduction in the occurrence of neonatal lupus in offspring of anti-Ro/La 
positive SLE patients who continued to take hydroxychloroquine throughout their 
pregnancy [11, 12].
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6.3	 �Fertility and Pregnancy in Systemic Sclerosis

Systemic sclerosis (SSc) is an autoimmune disorder involving skin, lungs, gastroin-
testinal, pulmonary cardiovascular and renal system. Females are involved more 
frequently and almost half of these patients have disease onset before age 40. 
Fertility rates are noted to be lower in these patients in some studies while other 
studies have reported otherwise [18]. In a retrospective single centre observational 
study, 214 scleroderma patients were analysed to determine fertility and pregnancy 
outcome. The study showed that 79% of the SSc patients had been pregnant at least 
once compared with 88% of the healthy controls. The rate of infertility in patients 
with SSc was 15% [19]. In the 1970s and 1980s pregnancy used to be discouraged 
in these patients. Studies off late have shown that these patients can have successful 
pregnancies though maternal and foetal morbidity/mortality remains high. In a 
study of 214 women with SSc by Steen et al., adverse pregnancy outcome including 
the rate of premature births and small full-term infants was found to be significantly 
higher in patients with SSc, particularly after the onset of their rheumatic disease 
[19]. In a US study of nationwide inpatient sample from 2002 to 2004, out of 11.2 
million deliveries, 504 deliveries in SSc patients were analysed. Higher rates of 
hypertensive disease, pre-eclampsia, IUGR and longer duration of hospital stay 
were noted in pregnant SSc patients [20]. The effect of pregnancy on disease course 
is variable. Disease course remains stable in 60% of the patients, improves in around 
20% and worsens in 20% of patients [21]. Disease progression has been reported 
primarily in patients with Scl 70-positivity. Some of the symptoms like Reynaud’s 
phenomenon show spontaneous improvement. This positive impact is related to 
vasodilatation and increased cardiac output during pregnancy. Clinical parameters 
which might worsen are gastro-oesophageal reflux, skin thickening and arthritis. 
These patients also develop rising pressures in the pulmonary circulation because of 
the increase in blood volume and hyperdynamic circulation leading to worsening of 
pulmonary arterial hypertension (PAH). It is recommended that patients with PAH 
should not become pregnant as it leads to severe hemodynamic complications and 
even maternal death. There is though no evidence of increased risk of renal crisis 
during pregnancy, but closer and frequent scrutiny of renal function is recom-
mended. Scleroderma renal crisis can be confused with pre-eclampsia and haemoly-
sis, elevated liver enzymes and a low platelet count (HELLP) syndrome. Progressive 
increase in serum creatinine level without significant proteinuria initially supports 
the possibility of scleroderma renal crisis. In contrast, jaundice/transaminitis and 
proteinuria with oedema favour the diagnostic possibility of pre-eclampsia and 
HELLP syndrome. This renal complication is primarily seen in patients with early 
diffuse disease. Antihypertensive medications, angiotensin-converting enzyme 
(ACE) inhibitors, are essential to manage renal crisis in this situation.
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6.4	 �Fertility and Pregnancy in Primary Sjogren’s Syndrome

Primary Sjogren’s syndrome (pSS) is a chronic autoimmune disorder primarily 
manifesting as dryness of eyes and mouth. It may also involve other organs besides 
mucosal surfaces. It is one of the most common autoimmune disorders, prevalence 
varying from 0.1% to 4.8%. It primarily affects female (female:male ratio of 9:1). 
Majority of patients present with symptoms in the fourth or fifth decade of life. 
Because of the advanced age of disease onset, lesser data is available regarding 
fertility and pregnancy in these patients. Studies though small have shown similar 
fertility rate in these patients as noted in the general population. A systematic review 
and meta-analysis were undertaken to assess the rate of complications during preg-
nancy in pSS patients and compare them with healthy controls. From the date of 
inception of MEDLINE and EMBASE till March 2016, the search yielded seven 
studies involving 544 patients and 1586 pregnancies. Rate of premature delivery, 
spontaneous abortion, artificial abortion and stillbirth were not significantly higher 
in pSS patients as compared to reference population in this study [22]. In a case–
control study reported by Ballester et  al., 19 women with pSS (54 pregnancies) 
matched by age and BMI to 216 controls were analysed to find out the impact of 
pSS in pregnant women on foetal and pregnancy outcomes. Significantly higher 
rates of preterm delivery, spontaneous abortions and lower birthweight were found 
in pSS patients [23].

6.5	 �Fertility and Pregnancy in Vasculitis

The primary systemic vasculitides (SV) are a group of autoimmune inflammatory 
diseases manifesting as vessel wall inflammation. The vessel involvement leads to 
stenosis, aneurysm, infarction and/or haemorrhage. This disease can affect the 
reproductive organs directly leading to decreased fertility. One of the pillars of 
induction treatment in these patients, cyclophosphamide is also a very potent 
gonadotoxic drug. The course of pregnancy is not adversely affected in these 
patients, if the disease is well controlled before pregnancy [24]. A retrospective 
observational study evaluated maternal/neonatal outcome in 65 pregnancies in 50 
women with SV.  Rate of preterm, particularly early preterm (before 34  weeks) 
deliveries, was significantly higher in SV patients. SV patients also delivered more 
infants which were small for gestational age and had very low birth weight [25]. In 
another retrospective study, 51 pregnancies in 29 SV patients were analysed. It 
found lower median gestational age and median birth weight in SV patients as com-
pared to healthy pregnant controls [26]. Takayasu arteritis (TAK) is one of the 
important primary systemic vasculitides in context of pregnant female patients as 
young women in the reproductive age group are mainly affected. A study analysed 
240 pregnancies in 96 patients with TAK (142 pregnancies in 52 patients preceding 
the diagnosis of TAK and 98 pregnancies in 52 patients, pregnancies either con-
comitant with or after diagnosis of TAK). Later cohort of patients had a 13-fold 
higher rate of maternal/foetal adverse outcomes in the form of pre-eclampsia/
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eclampsia, premature delivery and intrauterine foetal growth restriction or death 
[27]. Literature does suggest that the course of systemic vasculitis is not adversely 
impacted by pregnancy. Some of the pregnancy-related complications might mimic 
vasculitic disease flare. As the management of these two conditions is markedly dif-
ferent, careful attention to clinical details and thoughtful laboratory investigations 
are warranted to differentiate these two conditions. Managing disease flare during 
pregnancy is also tricky as many immunosuppressive agents are contraindicated. 
Corticosteroids are the mainstay of treatment. Another agent rituximab can be used 
during the second and third trimester if a careful assessment shows that benefits 
outweigh risks.

6.6	 �Fertility and Pregnancy in Mixed Connective Tissue 
Disease

Mixed connective tissue disease (MCTD) is a multisystem autoimmune disease 
presenting with a combination of some of the clinical manifestations of systemic 
sclerosis, poly/dermatomyositis and systemic lupus erythematosus. These patients 
also have high titres of antibodies targeting the U1 small nuclear ribonucleoprotein 
particle (U1 snRNP). Studies indicate that fertility rate is not diminished in these 
patients but the same is not the case regarding the foetal and maternal outcome. 
Tardif and Mahone evaluated 12 pregnancies in MCTD patients managed in their 
centre from 1986 to 2015 and also analysed data of previously published 68 
pregnancies collected from a systematic literature review for medical and obstetric 
complications. The foetal outcome assessed in the form of prematurity, IUGR and 
perinatal mortality was higher in MCTD patients as compared to the healthy general 
population. Higher rates of these complications were seen in patients with active 
disease. Neonatal lupus was seen in as high as 28.6% of live births [28].

6.7	 �Fertility and Pregnancy in Myositis

There are no large studies regarding fertility in myositis patient, but it seems to be 
decreased as compared to the general population. In a study by Váncsa et al., 144 
female patients of idiopathic inflammatory myopathy (IIM) with 186 pregnancies 
were analysed. Only nine of them became pregnant after disease onset with 14 gra-
vidities. Out of 14 pregnancies, six ended in abortions and two ended in prematurity. 
The foetal outcome was much worse in the case of active disease during pregnancy 
[29]. The Nationwide Inpatient Sample over 1993–2007 was used, and data of 853 
deliveries occurring in women with dermatomyositis/polymyositis (DM/PM) was 
analysed. DM/PM patients had an increased risk of hypertensive disorders and lon-
ger duration of hospital stay. As compared to reference general population, there 
were though no increased rates of PROM, IUGR or caesarean section noted in PM/
DM patients [30]. In a retrospective observational study by Gupta et al., 81 IIM 
patients were analysed. Two hundred and five pregnancies in 63 patients were 
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conceived before disease onset. Seven women had 24 pregnancies after disease 
onset. More frequent obstetric and foetal complications were noted in pregnancies 
after the onset of myositis [31].

6.8	 �Preconceptional Counselling and Management of High-
Risk Pregnancies

An informed decision needs to be taken regarding the decision to get pregnant. As 
obvious in the studies quoted above, maternal and foetal complications can be 
brought down to a minimum if pregnancy is planned properly. Preconception coun-
selling is thus must in patients with such autoimmune disorders. As maternal and 
foetal outcome are universally worse in cases of active disease during pregnancy, 
every effort must be made to bring the disease under control before deciding 
regarding pregnancy. The ideal time to conceive is during the stage of remission or 
minimal disease activity and the patient should be on stable medication. A multidis-
ciplinary team consisting of qualified rheumatologist and obstetrician should man-
age such cases. Patients with chronic heart failure, advanced restrictive pulmonary 
disease, moderate to severe symptomatic pulmonary hypertension, chronic renal 
failure, recent disease flare and arterial thrombosis should be strongly discouraged 
and advised not to conceive. In every autoimmune disorder, there are some disease-
related parameters and laboratory findings which put them at higher risk for mater-
nal as well as foetal complications. Some of the important predictors of higher 
complication rates are any past history of complicated pregnancies, chronic visceral 
organ damage, anti-SSA/SSB positivity and persisting antiphospholipid antibody, 
especially lupus anticoagulant positivity. Medications safe during pregnancy is low-
dose glucocorticoids, hydroxychloroquine and azathioprine. In case of organ and 
life-threatening flares in lupus, myositis and systemic vasculitides patients, high-
dose pulse steroids can be used.

Autoimmune disorders are an important group of diseases involving multiple 
organ systems. As many of them affect female in the reproductive age group, it 
becomes pertinent to know their effect on fertility and obstetric outcomes. It is also 
of great importance to know the effect of pregnancy on the course of these diseases. 
Majority of rheumatoid arthritis patients experience improvement of joint symp-
toms post conception. The obstetric outcome is relatively poorer especially in cases 
with active disease. Systemic lupus erythematosus patients behave more heteroge-
neously during pregnancy as in some the disease remains quiescent but in the small 
majority can have a flare of disease activity. But in the majority, these flares are of 
mild to moderate severity. Patients with lupus nephritis and antiphospholipid anti-
body positivity need proactive management and careful monitoring as the foetal 
outcome has been found to be poorer in these subsets of patients. SSc patients with 
advanced ILD/PAH should avoid pregnancy. Neonatal lupus and congenital heart 
block are the important and well-documented complications in newborns of pSS 
requiring careful antenatal monitoring and management. Pregnancy generally does 
not affect the course of systemic vasculitis. The obstetric outcome is guarded 
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especially in cases of Takayasu Arteritis though planned pregnancy results in better 
maternal and foetal outcome in the majority of these patients. Both in myositis and 
MCTD obstetric outcome are good if the disease is in remission before conception. 
Overall, a comprehensive preconception counselling is mandatory to minimise the 
adverse maternal and foetal outcome. Planning pregnancy during remission or low 
disease activity, the substitution of potentially teratogenic medications with safe 
ones, close anti-natal monitoring of mother and multidisciplinary management of 
these patients have tremendously improved both maternal and foetal outcome.
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7Update on Use of Biologic and Targeted 
Synthetic Drugs in Pregnancy

Hanh Nguyen and Ian Giles

Abstract
The availability of biologic disease modifying anti-rheumatic drugs (bDMARDs) 
and the development of targeted synthetic (ts)DMARDs has led to a new treat-
ment era for patients with inflammatory rheumatic disease (IRD). The advent of 
these therapies has multiplied the number of therapeutic options available to 
induce remission and thus improved opportunities for women with previously 
poorly controlled disease activity to consider pregnancy during low disease 
activity states. These IRDs include systemic lupus erythematosus (SLE), rheu-
matoid arthritis (RA), psoriatic arthritis (PsA) and axial spondyloarthritis. Many 
of these conditions occur in women of reproductive age, and require use of tradi-
tional DMARDs and/or targeted biologic drugs to control and suppress active 
disease. Numerous studies have identified that women with IRD, particularly 
SLE, have an increased risk of experiencing adverse pregnancy outcomes 
(APOs), such as miscarriages, premature delivery, maternal hypertension or 
intrauterine growth restriction. The management of pregnancy in women with 
IRD is complicated by factors relating to disease, pregnancy, medication and 
patient concerns. Therefore, appropriate pre-pregnancy counselling and monitor-
ing by a multidisciplinary team of obstetric and rheumatology specialists during 
pregnancy is essential to ensure that optimal control of maternal disease activity 
is achieved by appropriate use of compatible DMARDs before and during preg-
nancy, to enhance the chance for women with IRD to have successful pregnancy 
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outcomes. In this chapter we aim to summarise and update current British and 
European evidence-based guidance on prescribing of bDMARDs and tsD-
MARDs during pregnancy and breastfeeding.

Keywords
Rheumatic disease · Pregnancy · Biologic · Targeted synthetic · Disease modify-
ing anti-rheumatic drugs · Breast feeding

7.1	 �Introduction

The management of inflammatory rheumatic diseases (IRD), such as systemic lupus 
erythematosus (SLE), rheumatoid arthritis (RA), psoriatic arthritis (PsA) and axial 
spondyloarthritis, in women who are considering pregnancy is complicated and 
demands consideration of multiple factors, particularly safe use of disease modify-
ing anti-rheumatic drugs (DMARDs). It is paramount for clinicians to ensure that 
adequate control of disease activity is achieved with use of traditional, biologic (b)
DMARDs and/or newer targeted synthetic (ts)DMARDs. A multidisciplinary 
approach involving healthcare professionals (HCPs) with experience in manage-
ment of obstetric and rheumatic disease in pregnancy is essential to provide close 
monitoring and individualised management and therapeutic plans for IRD patients 
during pregnancy as they are known to have an increased risk of experiencing 
adverse pregnancy outcomes (APOs). These APOs are associated with increased 
disease activity, so HCPs must discuss with patients how to maintain disease control 
through use of anti-rheumatic drugs that are compatible with pregnancy.

In an era where many different bDMARDs and now tsDMARDs options exist to 
treat various IRDs, such as SLE and RA, women with these diseases are increas-
ingly likely to be achieving disease control and thus considering pregnancy whilst 
taking these drugs. There are many safety concerns however, surrounding use of 
certain DMARDs in pregnancy with well-defined risks identified for some DMARDs 
and uncertainty surrounding the use of others, particularly bDMARDs and tsD-
MARDs. Consequently, HCPs are required to discuss an increasing array of medi-
cation where clarity is still required for many drugs as to whether they can safely be 
given in pregnancy and breastfeeding.

Therefore, this chapter will summarise the current evidence-based recommen-
dations from British Society of Rheumatology (BSR) and European League 
Against Rheumatism (EULAR) guidance and review more recent evidence regard-
ing the use of bDMARDs and tsDMARDs in pregnancy and during lactation period 
[1, 2].
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7.1.1	 �Adverse Pregnancy Outcomes Associated with Active 
Rheumatic Disease

It has been established that IRDs, particularly SLE, have an increased burden of adverse 
pregnancy outcomes (APO) including maternal hypertensive disorders in pregnancy 
(13–23%) and foetal growth restriction (5%), higher rates of pregnancy loss, premature 
delivery and caesarean section delivery in comparison to a healthy population [3–5].

There is also a direct link between severe/active disease immediately before and 
during pregnancy, and APO in RA [6] and SLE [7] cohorts. Additionally, IRD 
patients with certain auto-antibody profiles are associated with increased chance of 
experiencing APO, particularly anti-phospholipid antibodies (aPL) in anti-
phospholipid syndrome and anti-SSA/Ro or anti-SSB/La antibodies in neonatal 
lupus [4]. Further consideration of these issues is beyond the scope of this article, 
and readers are referred to a recent review [8].

7.1.2	 �Biologic Drugs

Biologic DMARDs are complex molecules, frequently composed of varying 
amounts of immunoglobulin (Ig) G, such as whole IgG, antigen-binding (Fab) frag-
ments, or the Fc portion of IgG joined to receptor blocking proteins, that all bind to 
target molecules to neutralise their effect (Fig. 7.1). These drugs are used in patients 

Fig. 7.1  Structures of various biologics. Abbreviations: Fab′ antigen-binding fragment, mAb 
monoclonal antibody, CDR complementarity-determining region, Fc heavy-chain constant region, 
CTLA-4 cytotoxic T-lymphocyte-associated protein 4, PEG polyethylene glycol, C constant region, 
R region, VH variable heavy-chain domain of Ab, VL variable light chain. (Adapted from [9])
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whom fail to achieve low disease activity or remission with standard DMARDs. If 
efficacy is not achieved, or subsequently lost, then switching to an alternative 
bDMARD is indicated. The tsDMARDs have oral bioavailability, rapid onset of 
action and efficacy similar to bDMARDs but very limited pregnancy data. Table 7.1 
displays the variety of bDMARDs and synthetic targeted drugs currently available 
to treat IRD and their mechanism of action and structure.

7.1.3	 �Transplacental Passage of bDMARD in Pregnancy

The passage of maternal IgG into foetal circulation occurs by active transplacental 
transfer involving the binding of maternal IgG to neonatal Fc receptor (FcRn) 
expressed by syncytiotrophoblast cells to form an IgG-FcRn complex that crosses 

Table 7.1  Biologic and tsDMARDs used for treatment of rheumatic diseases classified by mode 
of action [1, 2, 10–15]

Drug Mode of action Structure
Infliximab TNF inhibition A chimeric (human-murine) mAb
Adalimumab
Golimumab

A fully humanised recombinant 
mAb

Etanercept A human recombinant receptor/Fc 
fusion protein

Certolizumab 
pegol

A PEGylated humanised Fab′ 
fragment

Rituximab
Belimumab

B-cell depletion/inhibition A chimeric (human-murine) mAb
A fully humanised mAb

Abatacept Inhibits co-stimulatory signalling 
pathways required for T cell activation

A chimeric CTLA 4-Ig fusion 
protein

Anakinra IL-1 inhibition A recombinant human form of 
IL-1 receptor

Canakinumab A recombinant humanised mAb
Rilonacept An anti-IL-1 fusion protein
Tocilizumab
Sarilumab

IL6-inhibition A recombinant humanised mAb 
that inhibits IL-6 receptor

Ixekizumab IL17-inhibition An anti-IL-17-A hinge-modified 
humanised IgG subclass-4 (IgG-4)

Secukinumab A fully humanised mAb
Ustekinumab IL-12/23 inhibition A fully humanised mAb
Baricitinib JAK inhibition A small inhibitor molecule with a 

chemical formula: C16H17N7O2S
Tofacitinib A small inhibitor molecule with a 

chemical formula: C16H20N6O
Apremilast Phosphodiesterase 4 (PDE4) inhibition A small inhibitor molecule with a 

chemical formula: C22H24N2O7S

Abbreviations: TNF tumour necrosis factor, IL interleukin, JAK Janus kinase, mAb monoclonal 
antibody, Fc heavy-chain constant region, Ig immunoglobulin, CTLA cytotoxic T-lymphocyte-
associated protein 4, Fab′ antigen-binding fragment
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the placental barrier into foetal blood circulation [16]. This transplacental transfer 
accelerates from the 16th week of pregnancy (Fig. 7.2). Of the four IgG (1–4) sub-
classes, placental transfer of IgG1 and IgG4 has been shown to be more efficient 
from mother to foetus compared with IgG2 and IgG3 subclasses [17].

The Biologics with mAb structure listed in Table 7.1 are large recombinant pro-
tein structures (~150 kDa) that share similar characteristics to maternal IgG [18, 
19], including the ability to actively cross the placental barrier. The bDMARDs that 
are mAbs or fusion proteins comprising the Fc portion of IgG1 (Fig.  7.1) are 
unlikely to be transferred at high levels across the placental barrier [20, 21] within 
the first trimester (up to 12 weeks of gestation) because foetal trophoblast cells do 
not express Fc receptors that facilitate active transportation of mAbs, until the end 
of the first trimester [16].

Current evidence-based guidance from BSR and EULAR covers the use of vari-
ous drugs in pregnancy including bDMARDs with either limited or no information 
on tsDMARDs. They consider various factors that influence transplacental passage 
and thus levels of bDMARD in foetal circulation during pregnancy and in neonatal/
cord blood at time of delivery. These factors include drug half-life, gestational age 
during drug administration and bDMARD structure that influence advice given to 
patients on when to stop the drug in relation to pregnancy so that the infant can have 
a normal vaccination schedule [1, 2].

Fig. 7.2  Schematic diagram illustrating the transplacental transfer of maternal IgG across the 
placental barrier from maternal blood circulation into foetal circulation. Abbreviations: Fc heavy-
chain constant region, Fab′ antigen-binding fragment, IgG immunoglobulin, FcRn neonatal Fc 
receptor. (Adapted from [9])
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For instance, if infliximab a bDMARD with mAb structure that has a long half-
life (Table  7.2) and bioavailability is given in mid to late pregnancy, it has been 
shown to be present in infant circulation for up to 7 months post-partum. In contrast, 
bDMARDs that contain altered Fc regions (etanercept) or completely lack an Fc 
region (certolizumab) have been shown to have markedly reduced (etanercept) or 
minimal (certolizumab) placental transfer into foetal circulation [10, 25, 26].This 
information regarding placental transfer informs current BSR and EULAR advice on 
when to stop a TNFi in pregnancy (Fig. 7.3) to ensure low/no detectable levels of 
drug levels in infant at delivery, although the guidance from both organisations states 

Table 7.2  Half-life of biologic DMARDs [1, 2, 22–24]

Biologic Half-life (days)
Infliximab 8–10
Etanercept 3
Adalimumab 14
Golimumab 12
Certolizumab 14
Canakinumab 22
Tocilizumab 8–14
Ustekinumab 15–32
Abatacept 8–25
Rituximab 18–22
Belimumab 19–20
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Fig. 7.3  Chart summarising EULAR and BSR 2016 guidelines recommended time points for 
stopping TNFi during pregnancy [1, 2]
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that certain drugs may be continued throughout pregnancy if required to maintain 
control of disease activity. Similarly, a consensus statement for the management of 
inflammatory bowel disease in pregnancy recommends continuation of bDMARDs 
that are tumour necrosis factor inhibitor (TNFi) maintenance therapy throughout 
pregnancy to avoid the risk of disease flare and its associated harmful effects on 
pregnancy outcomes [27]. All documents agree that if TNFi are given beyond mid-
second trimester, then live vaccines should be avoided until the infant is 6–7 months 
old, although routine inactivated immunisations should be given as normal.

7.1.4	 �Biologics in Early Pregnancy and During Pregnancy

The current EULAR and BSR recommendations and points to be considered for 
bDMARDs and tsDMARDs use in early pregnancy are summarised in Table 7.3.

7.1.5	 �Biologics Use in Lactation Period

Certain bDMARDs are deemed to be compatible for use during breastfeeding by 
BSR and EULAR documents (Table  7.4), although this guidance was based on 

Table 7.3  Summary of EULAR and BSR 2016 guidelines recommendations and points to con-
sider for use of biologic DMARDs at conception/in early pregnancy [1, 2]

Drug EULAR BSR
Infliximab Yes Yes
Etanercept Yes Yes
Adalimumab Yes Yes
Certolizumab Yes Yes
Golimumab No increased risk of 

malformations (insufficient 
evidence)

No

Anakinra Yes No (insufficient data available to 
recommend drug)

Tocilizumab Insufficient evidence Recommend stopping drug 3 months prior 
conception (insufficient data to recommend 
drug)

Ustekinumab No increased risk of 
malformations (insufficient 
evidence)

–

Abatacept Insufficient evidence No
Rituximab Yes—can be considered to be 

used in exceptional situations
Recommend stopping 6 months prior to 
conception (insufficient data to recommend 
drug)

Belimumab No increased risk of 
malformations (insufficient 
evidence)

No (insufficient data to recommend drug)

Abbreviations: EULAR European League Against Rheumatism, BSR British Society of 
Rheumatology
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limited evidence [1, 2]. Subsequent studies have confirmed minimal transfer of vari-
ous biologics into breast milk of mothers with mostly rheumatic [20] and/or IBD 
[28]. There is a consensus that the use of biologics should not influence the decision 
to breastfeed, and breastfeeding should not influence the decision to use these medi-
cations, reviewed in publication [29].

7.1.6	 �Updates on Use of bDMARDs and tsDMARDs in Pregnancy

7.1.6.1	 �Tumour Necrosis Factor Inhibitors
The use of various TNFi in pregnancy is supported by BSR and EULAR documents 
(Table 7.4). More recent published studies have reported largely reassuring preg-
nancy outcomes. The majority of these studies are retrospective studies, case reports 
of inadvertent exposures to TNFi, pharma-covigilence databases or observational 
registry/database studies. The largest body of evidence relates primarily to maternal 
cases exposed to adalimumab, infliximab and etanercept, in the first and second 
trimesters of pregnancy, whilst fewer studies have addressed the effects of TNFi 
exposure throughout pregnancy.

A systematic review and meta-analysis that comprehensively reviews all studies 
on TNFi use in pregnancy including several published after the end-dates of BSR 
and EULAR evidence reviews has assessed the risk of TNFi used during pregnancy 
in female patients with RA, inflammatory bowel disease (IBD) and other various 
immune-mediated diseases (i.e. PsA, Behcet’s disease and others). A total of 13 
studies were identified, reporting on n = 1390 TNFi-exposed pregnancies, n = 1173 
non-exposed to TNFi pregnancies and n = 3051 pregnancies from the general popu-
lation. They found that although TNFi-exposed patients had a higher risk of preterm 
delivery, spontaneous abortion and low-birth weight in comparison to pregnancies 
from the general population, their outcomes were comparable to those of non-TNFi-
exposed patients, thus common to underlying disease rather than TNFi exposure. 
Furthermore, no increased risk of congenital anomalies was identified in TNFi-
exposed pregnancies [30].

Table 7.4  Summary of EULAR and BSR 2016 guidelines recommendations/points to consider 
for use biologic DMARDs during breastfeeding/lactation period [1, 2]

Drug EULAR BSR
Infliximab Yes Yes
Etanercept Yes Yes
Adalimumab Yes Yes
Certolizumab Yes No data available
Golimumab Yes No data available
Anakinra No (no data available) No data available
Tocilizumab No (no data available) No data available
Ustekinumab No (no data available) –
Abatacept No (no data available) No data available
Rituximab No (no data available) No data available
Belimumab No (no data available) No data available
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7.1.6.2	 �Belimumab and Rituximab: B Cell Depletion Therapies
A large number of publications (registry, case series and case reports) have reported 
on pregnancy outcomes for belimumab and rituximab since the EULAR and BSR 
guidelines were published. It is beyond the scope of this article to list all studies but 
a total of n = 51 studies (belimumab n = 6 and rituximab n = 45) have reported 
n = 62 maternal exposures to belimumab and n = 78 maternal exposures to ritux-
imab (at pre-conception and/or during pregnancy and/or at post-partum period).

Pregnancy outcomes reported for belimumab-exposed pregnancy cases included 
the following: n = 61 live births, n = 26 spontaneous abortions, n = 3 still births and 
n = 10 elective terminations. It was not clear if adverse pregnancy outcomes were 
associated with any exposure to any other concomitant drugs as these were not 
reported [31–36].

Pregnancy outcomes reported for rituximab included the following: n = 73 live 
births, n = 4 miscarriages/foetal deaths (n = 1 at 21 weeks—placental histology 
review showed severe hypotrophy with marked vascular lesions and diffuse infarcts), 
n  =  2 stillbirths, n  =  3 elective terminations and no congenital anomalies were 
reported. Maternal complications included one maternal death occurring due to 
hypertensive crisis and heamorrhagic stroke. In another case, the mother experi-
enced complications with pericardial effusion and pleuritic chest pain during preg-
nancy. Additionally, few foetal complications were reported for n  =  2 neonates, 
where one neonate spent 10 weeks in the neonatal intensive care unit before being 
discharged in healthy condition due to neonatal CD19+ cell levels being depleted at 
birth (associated transient lymphopenia without infectious complications). The sec-
ond neonate had abnormal heart sounds [36–42].

7.1.6.3	 �Ustekinumab
Sixteen studies (n = 2 cohort studies, n = 7 case series and n = 7 case reports) have 
been published since the EULAR and BSR guidelines were released. A total of 
n = 39 maternal cases were exposed to drug in early-late stages of pregnancies, and 
patient studies had a mixture of diagnoses, i.e. RA, IBD, psoriasis and other autoim-
mune diseases. Overall, a total of n = 18 live births were reported, with no malfor-
mations and only one case of miscarriage [22, 28, 43–52].

7.1.6.4	 �Anakinra, Canakinumab and Rilonacept: IL1 Inhibitors
Safety data on IL1 inhibitors anakinra (a recombinant, non-glycosylated human IL1 
receptor (IL1-R) antagonist) and canakinumab (an anti-human IL1β IgG1) remain 
very limited, but evidence is building that would support their use in pregnancy 
when no other pregnancy suitable drugs can effectively control maternal disease. An 
International Society for Systemic Auto-inflammatory diseases conducted a retro-
spective study of n  =  23 mothers exposed to anakinra and n  =  8 exposed to 
canakinumab, as well as 11 paternal exposures to (n  =  6) anakinra and (n  =  5) 
canakinumab [53]. Of n = 23 anakinra-exposed pregnancies, n = 21 healthy deliver-
ies were reported, one infant was born with unilateral renal agenesis and ectopic 
neuro-hypophysis and one early first trimester miscarriage occurred in a mother 
with Cogan’s syndrome. Eight pregnancies from n  =  7 women exposed to 
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canakinumab resulted in n = 7 live births and n = 1 miscarriage. A total of 14 infants 
(n = 10 exposed to anakinra and n = 4 exposed to canakinumab) were breastfed 
without any complications/adverse effects. There were no serious infections in any 
infants/mothers and on follow-up ranging from 1  week to 10  years (median 
n = 18 months), no developmental problems were observed in any children [53].

Other small case series (n = 7 pregnancies) in mothers with adult onset still’s 
disease (AOSD) treated with anakinra during pregnancy have reported largely reas-
suring outcomes with complications linked to active disease (n = 2 mothers devel-
oped oligo-hydramnios, n = 1 mother developed pregnancy-induced hypertension). 
Infants were born full term (range: 36–40 weeks of gestation) and no adverse out-
comes or major complications were reported. Three out of seven mothers breastfed 
their newborns successfully, where two mothers chose to breastfeed whilst continu-
ing anakinra treatment [54, 55].

To date there are no controlled data on human pregnancy cases exposed to rilona-
cept, a dimeric fusion protein consisting of portions of IL1-R and the IL1-R acces-
sory protein linked to the Fc portion of IgG1.

7.1.6.5	 �Tocilizumab and Sarilumab: IL6 Inhibitors
Several publications on use of IL6 inhibitors in pregnancy have been published 
since EULAR and BSR guidelines were released, including registry data reported 
from a manufacturer’s (Roche) global safety database [56–61].

Overall this data describes maternal exposure to tocilizumab (TOC) an anti-
human IL6 IgG1 molecule occurring prior to and/or during pregnancy for n = 483 
women for the treatment of RA, JIA and various other rheumatic indications 
(included AOSD, systemic sclerosis, Takayasu’s arthritis and PsA). A total of 
n = 204 pregnancy outcomes were reported in studies, which included n = 127 pro-
spectively reported pregnancies and n  =  67 retrospectively reported pregnancies 
with a sum of n = 204 live births, n = 80 miscarriages/spontaneous abortions, n = 1 
post-neonatal death (neonatal asphyxia) and n = 54 elective terminations. Although 
the global safety database reported an increased risk of preterm birth from 399 preg-
nancy exposures to TOC compared to the general population [60], the likely influ-
ence of underlying disease upon this finding cannot be assessed because a non-TOC 
exposed disease comparator was lacking. Overall, no other increase in adverse event 
was identified in pregnancy, in particular no increase in congenital malformation 
was observed.

To date there are no publications reporting on human pregnancy exposures to 
Sarilumab, a fully human anti-IL6 IgG1 molecule.

7.1.6.6	 �Secukinumab and Ixekizumab: IL17A-Inhibitors
The Novartis global safety database has reported on n = 292 pregnancy outcomes 
from maternal or paternal exposure to secukinumab, an IgG1 molecule that selec-
tively targets IL-17A [62]. The majority of patients were exposed in the first trimes-
ter only and 50% of pregnancy outcomes from maternal exposure were unknown. 
Overall, no adverse safety signals were observed and adverse pregnancy outcome 
rates were in line with those of the general population.
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Regarding Ixekizumab, another IgG1 that blocks IL-17A, only one study has 
been published that reported integrated data obtained from n = 7 randomised con-
trolled trials (RCTs) on n = 4209 psoriasis cases exposed to this drug. Although this 
study included n = 3 cases who had treatment withdrawn due to maternal exposure 
during pregnancy, it did not report any related feto-maternal outcomes [63].

7.1.6.7	 �Abatacept
There was insufficient evidence at time of evidence review for the EULAR and BSR 
documents to recommend use of abatacept (a soluble fusion protein, linking the 
extracellular domain of human cytotoxic T-lymphocyte-associated antigen 4 to the 
modified Fc portion of human IgG1) in pregnancy. Further publications have stud-
ied abatacept exposure in pregnancy [37, 43, 64, 65]. A total of n = 157 maternal 
exposures were reported in these studies with pregnancy outcomes including n = 87 
live births. One large study published included autoimmune disease patients, with 
data on pregnancy outcomes following maternal or paternal exposure from the 
Bristol-Myers Squibb safety database. Data was collected from clinical trials (pro-
spective) and post-marketing reports (prospective and retrospective data). Of the 
n = 151 maternal exposure pregnancies with known outcomes, n = 68 were from the 
clinical trials, n = 80 were reported as post-marketing reports and n = 3 were from 
the ongoing Organization of Teratology Information Services (OTIS) registry. 
Pregnancy outcome data reported there were n = 7 congenital anomalies (includes 
n = 1 of each: cleft lip/cleft palate, down’s syndrome, congenital aortic anomaly, 
meningocele, pyloric stenosis, skull malformation, ventricular septal defect; con-
genital arterial malformation), where a total of n = 20 mothers were exposed to tera-
togenic concomitant drug methotrexate [64]. Furthermore, one case report of an 
active RA mother exposed to abatacept who was treated with methotrexate prior to 
conception had n = 1 live birth at 40 weeks, with no maternal or foetal complica-
tions were observed. The healthy newborn was followed up for 3.5 years, and infant 
was reported to have a healthy outcome [65].

7.1.6.8	 �Tofacitinib
Of the tsDMARDs human pregnancy data is currently only available for tofacitinib. 
One recent large study has extracted pregnancy outcomes data obtained from a 
tofacitinib safety database for patients with RA or psoriasis cases [11]. A total of 
n = 9815 patients were included and n = 1821 female patients of child-bearing age 
were enrolled in the RA/psoriasis RCTs. A total of n = 47 women became pregnant 
(RA n = 31 cases and psoriasis n = 16 cases), including n = 33 who received tofaci-
tinib monotherapy, n  =  13 who received combination therapy with methotrexate 
(RA patients only) and n = 1 patient whose therapy was still blinded. All cases were 
exposed to drug during the first trimester period and no foetal deaths were reported. 
Only n = 1 congenital pulmonary valve stenosis (monotherapy, n = 1), n = 7 spon-
taneous abortions (n = 4 monotherapy; n = 3 combination therapy) and n = 8 medi-
cal terminations (n = 4 monotherapy; n = 3 combination therapy; n = 1 blinded 
therapy) were identified [11]. This limited data set did not reveal any differences in 
tofacitinib-exposed pregnancy outcomes compared to the general population.
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7.1.6.9	 �Summary of Emerging Evidence on bDMARDs and tsDMARDs 
in Pregnancy

Of bDMARDs the TNFi remain the most studied drugs that have a growing and 
reassuring safety profile in pregnancy and lactation. Despite additional, largely 
reassuring pregnancy outcomes to date for non-TNFi bDMARDs, the overall num-
ber of pregnancy exposures for each drug remains relatively small, so the general 
advice for these drugs remains that they should be withdrawn before conception but 
may be considered for use during pregnancy when no other pregnancy compatible 
drug can effectively control maternal disease. Information on tsDMARDs remain 
very limited, so these drugs are best avoided in pregnancy and breastfeeding until 
further evidence is available. In the case of accidental exposure to non-TNFi 
bDMARDs and tsDMARDS, outcomes to date are reassuring, particularly first tri-
mester exposure to drugs with IgG1, IgG4 or Fc segments structure that will have 
minimal placental transfer during this period.

7.2	 �Conclusion

It is essential for women with an IRD whom have the desire to start a family to seek 
advice and be managed by a multidisciplinary team of rheumatologists and obstetric 
physicians as active disease is associated with adverse pregnancy outcomes. It is 
important that IRD activity is closely monitored by clinicians to ensure disease can 
be suppressed and well controlled from the pre-conception period and then through-
out pregnancy to optimise the chances of a successful pregnancy outcome. The 
increasing use of bDMARDs and tsDMARDs to control active disease means these 
drugs may impact upon management of IRD during pregnancy. There is increasing 
evidence to support the compatibility of TNFi bDMARDs in pregnancy. A growing 
body of evidence on outcomes of non-TNFi bDMARDs- or tsDMARDs-exposed 
pregnancies are reassuring but remain limited, so routine use of these drugs should 
currently be avoided in pregnancy. This evidence is invaluable for healthcare profes-
sionals when counselling and managing patients with IRD during pregnancy to 
enable more informed conversations around compatibility of these drugs in preg-
nancy and thus avoid stopping certain drugs unnecessarily in pregnancy.
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Abstract 
Autoimmune rheumatological diseases (AIDs) can have a detrimental effect on a 
woman’s menstrual health and fertility prospects. The underlying pathophysiol-
ogy is multi-factorial. The inflammatory milieu can suppress the hypothalamic-
pituitary-gonadal axis, the co-existence of other autoimmune conditions such as 
primary hypothyroidism can play a role and the drugs used for the treatment of 
AIDs such as steroids and cyclophosphamide also have adverse effects pertain-
ing to reproductive health. The work-up involves hormonal assessment and tests 
for ovarian reserve. Oral contraceptive pills can be used for restoring regularity 
of menstrual cycles, while steroid-sparing regimens and GnRH analogs have 
been used for ovarian function preservation.

Keywords
Autoimmune diseases · Menstrual irregularities · Hypothalamic-pituitary-gonadal 
axis · Steroids · Cyclophosphamide · GnRH analogs

8.1	 �Introduction and Background

Autoimmune rheumatological disorders can have a remarkable effect on a woman’s 
menstrual cycles and thus fertility prospects. This is of concern considering that 
most such diseases are more common in women in the reproductive age group. 
However, due to the plethora of other systemic problems that these diseases encom-
pass, this aspect often remains neglected. Both disease-related factors and the 
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treatment offered for the disease can have implications on menstrual health. Strictly 
coordinated functions of the hypothalamus, pituitary, ovaries, and endometrium are 
essential for cyclic, predictable menses that are indicative of regular ovulation. 
Pulsatile release of GnRH from the hypothalamus, within a critical range of fre-
quencies, is required for cyclical menses.

8.2	 �Epidemiology and Pathophysiology

According to previous studies, the prevalence of menstrual irregularities in patients 
with rheumatological disorders varies from 15% to 40% [1]. In one study, oligo-
menorrhea was reported to be the most common menstrual abnormality (54%) in 
systemic lupus erythematosus (SLE) patients. Those patients who had menstrual 
irregularities had higher prolactin (PRL) levels, more active disease, and lower pro-
gesterone levels [2]. Menorrhagia, which may be multi-factorial, has been observed 
in 12–15% of patients [3, 4]. Thrombocytopenia, antiphospholipid antibodies, and 
the use of drugs like glucocorticoids and/or nonsteroidal anti-inflammatory drugs 
(NSAIDs) may be contributory. Inflammatory cytokines, which are increased in 
autoimmune rheumatological disorders, can have an inhibitory effect on 
gonadotropin-releasing hormone (GnRH) secretion. Interleukin-1 beta (IL-1 beta) 
has been established as the most powerful inhibitor of GnRH secretion in animal 
studies [5, 6]. In vivo studies have demonstrated inhibition of the GnRH-LH sys-
tems after central infusion of TNFα [6–9]. However, these findings could not be 
reproduced in in vitro studies where TNFα had no effect on the release of GnRH in 
hypothalamic explants of male rats or proestrus female rats [10]. The inhibition of 
GnRH secretion leads to secondary amenorrhea and chronic anovulation. SLE 
activity, which is expected to correlate with the levels of inflammatory cytokines, is 
known to be the main risk factor for amenorrhea in patients not receiving alkylating 
drugs [11]. Secondary amenorrhea has been observed in 17–25% of patients.

Apart from this, autoimmune endocrine disorders may coexist with an autoim-
mune rheumatological disorder, which can lead to menstrual abnormalities. Studies 
have shown that the prevalence of autoimmune hypothyroidism, but not hyperthy-
roidism, is greater in SLE patients as compared to the prevalence in the general 
population. Both autoimmune thyroid disease and SLE share a Th1 immune pre-
dominance which could be the immune-pathogenic base of the association of these 
two disorders [12]. Hypothyroidism can lead to anovulation, which in turn leads to 
low levels of progesterone. A hyperestrogenic state ensues, leading to persistent and 
unchecked endometrial proliferation, resulting in excessive, irregular, and unpre-
dictable breakthrough menstrual bleeding. These changes may be due to deficient 
secretion of LH and altered pulse frequency and amplitude because of untreated 
hypothyroidism.

Previous studies have also reported antibodies capable of increasing PRL levels 
in SLE patients [13]. This could theoretically lead to secondary hypogonadism and 
thus secondary amenorrhea or secondary polycystic ovary syndrome (PCOS) and 
oligomenorrhea. Hyperprolactinemia may not be only antibody-mediated but may 
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also be secondary to intake of certain over-the-counter drugs like domperidone or 
proton-pump inhibitors, which have D2 receptor agonist activity.

In the general population, most cases of menstrual irregularities can be attributed 
to PCOS. As such, there have not been many large-scale studies on the prevalence 
of PCOS in rheumatological disorders. In a small retrospective cross-sectional 
study, among women aged 10–50 years, the prevalence of PCOS in rheumatic dis-
eases paralleled that of the general population. However, the prevalence was much 
higher in those with psoriatic arthritis, psoriasis, and ankylosing spondylitis [14].

The levels of anti-Mullerian hormone (AMH), which is a marker of ovarian 
reserve, have been shown to be lower in treatment-naive SLE women compared 
with healthy women. This could be due to autoimmune oophoritis, which is seen 
commonly in SLE [15, 16]. Elevated levels of anti-corpus luteum antibody have 
been linked to ovarian dysfunction in patients with lupus [17]. Presence of comor-
bid conditions like chronic renal failure [18] and hypothalamic amenorrhea may 
also culminate in amenorrhea.

Another major concern with respect to menstrual cycles in patients of autoimmune 
rheumatological diseases is the adverse effect of the various therapeutic agents used 
which include steroids, chemotherapeutic and immunomodulatory/immunosuppres-
sive agents. Exogenous steroids inhibit the hypothalamic–pituitary–gonadal (HPG) 
axis and hence the GnRH pulsatility and LH/FSH secretion, thus leading to menstrual 
irregularities and eventually secondary amenorrhea. Though this inhibition is revers-
ible, since most of the patients receiving steroids are in the reproductive age group, it 
has many implications with respect to fertility prospects. Not only this, long-term ste-
roid therapy has various other systemic side effects as well. This makes it imperative to 
opt for a “steroid-sparing regimen” for certain patients. Usually, in patients with mod-
erate-to-severe disease who require 10 mg prednisolone/day or higher doses to main-
tain disease remission, other immunosuppressive agents should be added so as to 
enable one to reduce the steroid doses. Azathioprine is commonly used as a steroid-
sparing agent in mild-to-moderate disease. The advent of newer biological drugs such 
as rituximab, epratuzumab, and abatacept has shown promise in reducing the cumula-
tive steroid burden in such patients.

Cyclophosphamide (CYC) is another commonly used agent for treating active 
rheumatological disease. Studies of patients of SLE have shown a high prevalence 
of ovarian failure varying from 10–83% in women treated with CYC. The preva-
lence of ovarian insufficiency may vary depending on the subject’s age at initiation 
of treatment and the cumulative dose of CYC received [19–21].

CYC crosslinks DNA, which damages the chromosomes of rapidly dividing 
cells, leading to permanent damage to the limited population of germ cells present 
in ovaries [20, 21]. The larger follicles, as well as antral and pre-ovulatory follicles, 
bear the largest brunt as they are more sensitive to toxicity. Studies have shown that 
the total dose of CYC required to produce amenorrhea goes on decreasing steeply 
as the age advances, which is due to physiological age-related decline in ovarian 
function. The culprit dose is 20.4 g in women aged 20–29 years; 9.3 g between 30 
and 39 years, and 5.2 g between 40 and 49 years [22]. A retrospective review of 
women treated for SLE showcased the importance of total drug exposure with CYC 
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[23]. Persistent early amenorrhea developed in none of the 16 women who had been 
treated only with pulse glucocorticoids, in 2 of the 16 treated with seven monthly 
pulses of CYC, and in 9 of the 23 treated with 15 or more monthly pulses of 
CYC. One-half of the affected patients who had amenorrhea developed it within the 
first 7 months, occurring earlier in women over the age of 25. The amenorrhea was 
permanent in the majority of the cases, with recovery occurring only in those women 
who had received the shorter pulse CYC regimen. Among the other drugs, metho-
trexate is generally not considered gonadotoxic, but recent studies have shown an 
association with reduced ovarian function [24, 25].

The two main determinants of risk for ovarian failure are age at the time of initia-
tion of CYC therapy and the cumulate dose of the drug received, with the risk 
sharply increasing over the age of 30 years and with doses over 10 g [20, 21]. In a 
meta-analysis comparing low-dose CYC v/s high-dose CYC regimens, it was seen 
that there was a lower risk of menstrual disturbances with the low-dose CYC induc-
tion therapy as compared to the high-dose therapy for lupus nephritis (RR = 0.46, 
95% CI, 0.31–0.69). The venous pulse doses were 500–1000  mg/m2 and 400–
500 mg/m2 in the high- and low-dose groups, respectively.

Among the newer drugs for rheumatological disorders, mycophenolate mofetil 
(MMF) has shown promise. It is thought to be more feasible and acceptable as com-
pared to CYC in women in the reproductive age group, as it does not have a toxic 
effect on the gonadal cells. However, it is teratogenic and thus patients must be 
counseled to refrain from getting pregnant while they are on treatment with MMF.

8.3	 �Management of Menstrual Irregularities

8.3.1	 �Hormonal Evaluation

Evaluation of menstrual abnormalities in autoimmune rheumatological disorders 
entails measurement of gonadotropins (LH, FSH) in the follicular phase (day 2 or 3 
of the menstrual cycle). Apart from these, serum estradiol, di-hydro-epiandrosterone 
(DHEAS), testosterone, prolactin, AMH, and thyroid function test should also be 
done. AMH is a noninvasive and a fairly reliable marker of ovarian reserve. A pro-
file of elevated gonadotropin levels, with low estradiol and/or low AMH (at an age 
of <40 years), is consistent with premature ovarian failure, likely due to autoim-
mune oophoritis/cyclophosphamide toxicity. On the other hand, if gonadotropin 
levels are low or “inappropriately normal” for low estradiol, then secondary hypo-
gonadism is diagnosed. Secondary hypogonadism may be related to disease activity 
per se. Apart from these, mild hyperprolactinemia may also be seen.

8.3.2	 �Role of Hormonal Replacement

Irrespective of the cause, long-standing secondary amenorrhea can have a detrimen-
tal effect on the bone mineral density. Moreover, anovulation would eventually lead 
to infertility.
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Remission of disease activity may lead to an improvement in menstrual function. 
However, in long-standing amenorrhea, hormone replacement may have to be con-
sidered, but owing to the concerns about increasing disease activity and elevated 
risk of thrombotic events, clinicians rarely prescribe combined estrogen-progestin 
oral contraceptive pills (COCs) to women with this disease. Women with SLE are at 
higher risk for ischemic heart disease, stroke, and venous thromboembolism, espe-
cially in the presence of antiphospholipid antibodies (APLA).

Data have shown that COCs are safe in women with SLE provided they have a 
stable, mild disease, are seronegative for antiphospholipid antibodies, and have no 
prior history of thrombosis. It is recommended that COCs can be used in SLE 
patients who have no other cardiovascular risk factors [26]. For women with SLE 
and antiphospholipid antibodies, COCs are contraindicated (category 4). Thus, 
prior to initiating contraceptives in women with SLE, the level of disease activity, 
the presence of APLA and thrombocytopenia should be established.

8.3.3	 �Role of GnRH Agonists

GnRH agonists (GnRH-a) may attenuate the depletion of ovarian reserve in women 
treated with CYC. GnRH-a bind to the GnRH receptors located on the pituitary, 
initially leading to a spike in gonadotropin release, but eventually leading to down-
regulation of receptors and thus a decline in both gonadotropin and estrogen levels. 
These hormonal changes may arrest the rate of follicular maturation such that the 
follicles do not develop to the point of becoming vulnerable to the toxicity of CYC 
[19]. A meta-analysis of nine studies of adjunctive GnRH-a therapy during chemo-
therapy illustrated that co-therapy with GnRH-a during CYC treatment resulted in a 
significant increase of 68% in the continuation of regular menstruation over chemo-
therapy alone [27]. Dosing was fairly standard between studies, with most women 
receiving 3.75 mg of GnRH-a every 4 weeks throughout chemotherapy administra-
tion. Most studies described starting treatment about 2  weeks prior to the com-
mencement of chemotherapy or treatment with short-acting GnRH-a to avoid 
chemotherapy during the period of expected ovarian flare that follows GnRH-a 
therapy by 5–10 days. In one study, many women received their first leuprolide dose 
following their initial CYC dose to avoid treatment during the ovarian flare.

The decline in AMH levels has been shown to be of lesser magnitude in patients 
who received GnRH-a co-therapy as compared to those who received chemotherapy 
alone. However, it may not directly translate into improved pregnancy outcomes, as 
pregnancy has been seen to be far less frequent than ovarian function preservation 
in all studies.

Apart from this, treatment of associated comorbidities like hypothyroidism and 
renal failure should be optimized and that may lead to an improvement in menstrual 
irregularities.
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9Fertility Preservation in Women 
with Autoimmune Diseases Treated 
with Gonadotoxic Agents

Aashima Arora

Abstract
Auto-immune diseases commonly affect women of reproductive age group. 
These women most often need chemotherapeutic agents which may cause sig-
nificant gonado-toxicity. Therefore, fertility preservation techniques must be 
offered to women undergoing treatment for auto-immune diseases before start-
ing such therapy. This chapter discusses in detail the various fertility preservation 
techniques available with their merits and de-merits.

Keywords
Auto-immune diseases · Gonadotoxic drugs · Fertility preservation options

Autoimmune diseases are common in women of reproductive age and are commonly 
treated with gonadotoxic agents like cyclophosphamide. However, the aspect of 
fertility preservation treatment has not received much importance in these women. 
As the survival rates of these patients have improved, long-term aspects including 
fertility preservation are gaining significance [1].

9.1	 �Risk and Mechanism of Gonadotoxicity

Significant number of young women with SARDs is exposed to gonadotoxic drugs, 
which may lead to premature ovarian failure and infertility. The most commonly 
used such drug is cyclophosphamide, which is mainly used for life or organ 
threatening autoimmune disorders such as SLE with renal involvement or ANCA-
associated systemic vasculitis [2]. CYC is toxic to both male and female gonads. 
The risks and benefits of these immunosuppressive agents must be explained to the 
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young patients prior to treatment as issues related to fertility may be an important 
concern to many of them.

Cyclophosphamide is an alkylating agent which exerts its action by preventing cell 
division via covalent binding and cross-linking of a variety of macromolecules [3]. 
Alkylating agents have potentially severe side effects like bone marrow suppression, 
gonadal toxicity and increased chances of infections and malignancies. The damage 
induced is usually reversible in tissues with rapidly dividing cells such as bone mar-
row, gastrointestinal tract and thymus. However, the toxicity to ovaries is progressive 
and irreversible, where the number of germ cells is determined since foetal life and 
cannot be regenerated. Alkylating agents are not cell-cycle specific, and it is believed 
that they act on undeveloped oocytes and pregranulosa cells of primordial follicles. 
This toxicity is mediated by metabolite phosphoramide mustard [4].

The gonadotoxicity of CYC is dependent mainly on the following:

	1.	 Age at exposure
	2.	 Cumulative dose.

The risk of premature ovarian failure and infertility is directly proportional to age 
at exposure. Before menarche, CYC does not seem to cause significant ovarian 
toxicity. In patients <30 years of age, studies have shown the risk of amenorrhoea to 
be around 10% as compared to >50% in women above 40 years. In general, greater 
the ovarian reserve at the time of exposure, lesser is the damage caused. Data sug-
gests that women <20 years of age at drug exposure have <5% chance of ovarian 
failure with initial course of CYC as compared to women >30  years (25–50%) 
and >40 years (75%) [5–8].
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The level of gonadal dysfunction is also dependent on the dose of CYC that the 
lady receives. The cumulative CYC dose is an independent risk factor for ovarian 
toxicity, regardless of how the medication is used. Cumulative dose of 12 g/m2 or 
higher has been shown to be significantly more gonadotoxic than 8 g/m2 [9]. The 
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evidence regarding the effect of duration of CYC treatment and baseline severity of 
disease on gonadotoxicity is less convincing.

9.2	 �Measures for Fertility Preservation

Various fertility preservation strategies are available for women exposed to chemo-
therapy, including the following:

	1.	 Administration of GnRH agonist
	2.	 Embryo cryopreservation
	3.	 Ovarian tissue cryopreservation
	4.	 Unfertilized ovum cryopreservation.

Each method has its own advantages and disadvantages in terms of availability, 
efficacy, cost, need for male partner and effect on primary disease, hence shall be 
discussed subsequently.

9.2.1	 �Administration of GnRH Agonist

The use of GnRH agonist to protect ovaries from the toxicity of chemotherapeutic 
agents has been considered for over two decades. Several possible mechanisms have 
been postulated through which GnRH analogues may exert this protective action. 
These include the following:

	(a)	 Decreased levels of circulating gonadotropins, thereby putting the ovaries in an 
artificial pre-pubertal state. This hypogonadotropic milieu decreases the num-
ber of primordial follicles entering the vulnerable differentiation stage.

	(b)	 Decreased blood supply to ovaries leading to lesser concentration of chemo-
therapeutic agents in the ovarian tissue.

	(c)	 Up regulation of an intragonadal anti-apoptotic molecule such as sphingosine-
1-phosphate by GnRH agonist.

The efficacy of GnRH agonist in fertility preservation has remained controver-
sial for many years. Until the previous decade, most of the data was from observa-
tion studies carried out in young pre-menopausal women with breast cancer or 
lymphoma and was considered to be non-conclusive due to lack of randomized 
controlled trials. However, over the last 10  years, multiple RCTs have been 
conducted worldwide on the use of GnRH agonists concurrently with chemotherapy 
both for malignancy and for SLE. Meta-analysis of these studies has proven the 
efficacy of this pharmacological intervention in preserving ovarian function [10]. 
Though the earlier literature appeared stronger for prevention of POF and less con-
vincing in terms of pregnancy rates, the recent POEMS/S0230 trial which was an 
international, phase 3, randomized study extended this benefit to increased 
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pregnancy rates (21% vs. 11%) [11]. Also, a recent systematic review and meta-
analysis of data from premenstrual women with early breast cancer concluded POF 
rates of 14% vs. 30% and pregnancy rates of 10% vs. 5% in women receiving che-
motherapy with or without GnRH agonist co-treatment, respectively [12]. Cochrane 
Database Systematic Review in March 2019 concluded that GnRH agonist appears 
to be effective in protecting the ovaries during chemotherapy, in terms of mainte-
nance and resumption of menstruation, treatment-related premature ovarian failure 
and ovulation. Evidence for protection of fertility was insufficient and needs further 
investigation as per the authors [13].

It needs to be emphasized that the use of GnRH agonist has not been associated 
with any significant effect on the course of SLE. Also, the preservation of ovarian 
function in itself is highly significant in women with SLE as POF leads to premature 
atherosclerosis which is the leading cause of death in SLE.  The odds ratio for 
preservation of cyclic ovarian function vs. POF has been reported to be as high as 
6.8  in women receiving GnRH agonist treatment before and during gonadotoxic 
chemotherapy [14].

9.2.2	 �Embryo Cryopreservation

Ovarian stimulation followed by in vitro fertilization and embryo cryopreservation 
is considered to be the gold standard technique for fertility preservation in young 
women desirous of future fertility prior to chemotherapy for malignancies. However, 
in case of women with SLE, the path physiology of the disease per se may alter this 
decision. Though the exact aetiology of SLE is unknown, the role of female 
hormones has been suggested for many years as 90% of affected patients are 
females. Increased flares have been reported in post-menopausal women who 
receive hormone replacement therapy with E+P. Males with SLE also have been 
proven to have altered sex hormones with higher oestrogen to androgen ratio, all 
suggesting a role of oestrogen in disease pathogenesis. Therefore, the safety of IVF 
procedures where ovarian hyperstimulation leads to markedly increased oestradiol 
levels has been questioned [15].

It has been recommended that ovarian hyperstimulation must be discouraged in 
women with SLE during active flare (and 6–12  months thereafter) and in SLE 
patients with major previous thrombotic events, uncontrolled hypertension, pulmo-
nary hypertension, advanced renal disease and severe valvulopathy/heart disease 
[16]. If the disease is stable, IVF may be performed but only in expert hands and 
after detailed couple counselling. These women need to be under close and continu-
ous monitoring during IVF procedures. The most threatening condition associated 
with ovarian stimulation in women with SLE is thrombosis. At present, no specific 
type of gonadotropins has been shown to offer a clear advantage in the prevention 
of thrombosis. However, as most cases of thrombosis have been associated to 
OHSS, the main aim in these women is to avoid OHSS by using all preventable 
strategies such as mild stimulation protocols, coasting, use of GnRH agonist as 
trigger for ovulation, embryo freezing, etc.
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9.2.3	 �Ovarian Tissue Cryopreservation

Ovarian tissue cryopreservation is a possible fertility preservation technique espe-
cially for young unmarried girls who do not have a male partner and hence cannot 
opt for embryo freezing [17]. It provides additional benefit of restoring oestrogen 
activity in the body following ovarian tissue autotransplantation though the survival 
of this tissue may be limited in time. However, this technique requires two surgical 
procedures: one to excise the ovarian tissue and second for auto-grafting. It is not 
widely available for poor patients in a country like India.

9.2.4	 �Unfertilized Ovum Cryopreservation

Aspiration and preservation of both mature and immature oocytes have been proven 
to be efficient alternative techniques for fertility preservation in women scheduled 
for gonadotoxic chemotherapy. While the aspiration of mature oocytes generally 
requires ovarian stimulation with gonadotropins (like IVF procedures), immature 
oocytes can be aspirated during a natural menstrual cycle without any hormonal 
stimulation. This in vitro maturation of immature oocytes (IVM) provides a hope 
for the patients who are in flare and in whom use of chemotherapy is imminent 
where other techniques that lead to increased oestradiol levels cannot be used. 
Though the success of these procedures is in the form of case reports and small case 
series till now, they appear to offer good opportunity. Literature reports clinical 
pregnancy rates of 25–45% per cycle with in vitro and in vivo matured oocytes with 
cryopreservation/vitrification [18, 19].

9.3	 �Comparison of Fertility Preservation Techniques

Option Advantages Disadvantages
1 GnRH agonist Simple to use

Inexpensive
No need of male partner
Minimal side effects
No risk of SLE flare
Efficient
Potential to preserve ovarian 
function

Symptoms of hypo-
oestrogenism during treatment
Not effective in all women

2 IVF and embryo 
freezing

Efficient
Available at many centres
Not very costly

Need for male partner
May cause disease aggravation

3 Ovarian tissue 
cryopreservation

High potential
Restores hormonal function in 
addition to fertility

Need for surgical procedure
Not easily available
Expensive

4 Oocytes preservation High potential Investigational
Expensive
Not widely available
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In summary, fertility preservation options must be seriously considered and discussed 
in all young patients prior to starting gonadotoxic chemotherapy. Such techniques 
help young women to cope better emotionally with their chemotherapy, as there is a 
hope of being able to have a biological child in the future.
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10Preconception Care and Counseling 
in Autoimmune Disorders

Bharti Sharma and Shinjini Narang

Abstract
Preconception care is an opportunity to identify the risk factors and to optimize the 
preexisting conditions for better perinatal outcome. This chapter reviews the pre-
conception care and counseling for commonly encountered autoimmune diseases.

Keywords
Preconception care · Preconception counseling · Systemic lupus erythematosus

Preconception care is the provision of any form of medical, behavioral, and social 
health interventions to a women and her husband before the couple plans concep-
tion. It provides an opportunity to optimize the outcome of pregnancy in women 
with chronic medical illness, and autoimmune disorder is one of them. The common 
autoimmune rheumatic diseases encountered in clinical practice are systemic lupus 
erythematosus (SLE), systemic sclerosis, rheumatoid arthritis, scleroderma, and 
antiphospholipid syndrome (APS). The main concerns with these women and preg-
nancy are as follows:

	1.	 Risk of maternal disease flare.
	2.	 Adverse fetal outcome in terms of miscarriage, preterm labor, stillbirth, congeni-

tal malformations, neonatal mortality, and morbidity.
	3.	 Risk of teratogenicity.
	4.	 Availability of multidisciplinary team for management during pregnancy.
	5.	 Providing effective contraception.
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Ideally these women require multidisciplinary care since the onset of diagnosis, 
not just during pregnancy to ensure best obstetric outcome of both mother and fetus. 
So an obstetrician should always be involved in the care of women with autoim-
mune disorders as they have special needs like contraception advice, preconception 
counseling.

10.1	 �SLE

SLE is not a contraindication for pregnancy, but underlying chronic hypertension, 
interstitial lung disease, pulmonary hypertension, and renal involvement are 
independent risks toward maternal morbidity and mortality.

It is important to discuss the potential complications and risks involved and 
establish a management plan in a multidisciplinary setting. SLE is associated with 
increased risk of spontaneous abortions, intrauterine fetal death, preeclampsia, 
intrauterine growth restriction (IUGR), and preterm delivery.

Lupus flares are reported in 13.5–65% of pregnant women with SLE.  Active 
disease in the last 6 months prior to conception is associated with an increased risk 
of lupus flare and poor pregnancy outcome, and these women should be advised to 
avoid pregnancy.

There is no evidence suggesting that SLE or other connective tissue disorders 
affect fertility. Though treatment with cyclophosphamide is a risk factor for infertil-
ity. Ovulation induction seems to increase the chance of flare and thrombosis, 
especially in cases of antiphospholipid antibodies. The preconceptional evaluation 
of women with SLE should always include clinical examinations along with blood 
investigations (Table 10.1).

Unless potential maternal benefits outweigh fetal risks, the woman should be 
instructed to avoid FDA pregnancy X and D drugs. Drugs safe to be used in preg-
nancy include prednisolone, azathioprine, cyclosporine A, and hydrochloroquine. 
Methotrexate, mycophenolate mofetil, and cyclophosphamide are contraindicated 
in pregnancy due to their teratogenic effect. Women on any of these drugs should be 
switched over to safer alternatives 3–6 months prior to conception as sudden with-
drawal may precipitate lupus flare. Antihypertensives should also be switched over 

Table 10.1  Preconceptional evaluation of women with SLE

Clinical evaluation/history Laboratory investigations
•  Cutaneous manifestation of SLE like 
malar rash, photosensitivity, discoid rash, 
Raynaud’s phenomenon, urticaria, and 
vasculitis.
•  Blood pressure.
•  Urine output.
•  Details of current medications.

•  Lupus serology (dsDNA and antinuclear 
antibodies).
•  Anti-Ro and anti-La antibody titers.
•  Antiphospholipid antibody titers.
•  Serum complement levels (less useful in 
pregnancy).
•  Renal function tests (creatinine, creatinine 
clearance, 24 h urine protein (Serum 
creatinine >2.8 mg/dL have less than 30% chance 
of a successful pregnancy)).
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from angiotensis converting enzyme (ACE) inhibitors and angiotensin receptor 
blockers (ARB) to safer alternatives like labetalol and nifedipine due to the associ-
ated risk of fetal renal dysfunction and IUGR in case of second and third trimester 
exposure.

Thromboprophylaxis should be started if the woman is at risk for thromboem-
bolic events, like antiphospholipid syndrome. Low dose aspirin before conception 
may be added for prophylaxis against preeclampsia and thrombosis.

Rate of complications in women with SLE approaches that of general population 
in absence of active disease, hypertension, renal involvement, or antiphospholipid 
antibodies.

These women should also be made aware of the risk of neonatal lupus erythema-
tous especially congenital heart block (CHB) which is an irreversible and life threat-
ening complication. The risk of CHB is 1–2% in women with anti-SSA/Ro 
antibodies and increases up to 5% when anti-SSB/La is also present along with 
anti-SSA/Ro. The risk of recurrence of CHB is also very high, ranges from 5% to 
50% in subsequent births. That is why serial echocardiography and obstetric ultra-
sound to look for fetal heart rate are recommended from 16 to 18 weeks of gestation 
in anti-Ro/SSA and anti-La/SSB antibody-positive women.

10.2	 �Rheumatoid Arthritis

Disease activity usually improves in RA with up to 60% women reporting improve-
ment in symptoms. Preconceptional counseling is important to allow for conversion 
to safer pharmacological drugs when possible. Potentially harmful drugs may be 
safely discontinued in pregnancy in case of disease improvement. Methotrexate 
should be stopped 3–4  months before conception to prevent fetal exposure. 
Leflunomide may persist in the body for 2 years and should be eliminated from the 
body using cholestyramine, 3 months before trying for pregnancy. Drugs safe in 
pregnancy are hydroxychloroquine, sulfonamide, corticosteroids, and anti-TNF 
(tumor necrosis factor) agents. NSAIDs are safe in pregnancy but should be avoided 
after 32 weeks of pregnancy as they can lead to oligohydramnios due to their effect 
on fetal kidney. They also carry the risk of premature closure of ductus arteriosus.

Though RA doesn’t directly affect fertility but subfertility is seen in the affected 
women which can be attributed to the psychological effects of the disease and child 
bearing choices. Some studies have reported increased incidence of hypertensive 
disorders of pregnancy, preterm delivery, cesarean delivery, and IUGR. Relapse of 
RA is common in the first 6 months postpartum.

10.3	 �Systemic Sclerosis

In systemic sclerosis, a well-timed and planned pregnancy with proper monitoring 
can maximize the likelihood of a favorable outcome. The mean age of onset of sys-
temic sclerosis is mid-40s, therefore it is not commonly seen in pregnancy and data 
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pertaining to pregnancy in the disease is limited. The incidence of serious complica-
tions like renal crisis, severe cardiomyopathy (ejection fraction <30%), pulmonary 
hypertension, and severe restrictive lung disease is more common in woman who 
conceive within 4  years of developing systemic sclerosis, therefore women are 
counseled to go for pregnancy after this period.

Raynaud’s phenomenon improves during pregnancy but esophageal reflux, 
shortness of breath (due to increased pulmonary volume), and renal function worsen 
during pregnancy, especially in third trimester. Mallory-Weiss tears can be present 
in women with esophageal involvement due to vomiting. Histamine blockers and 
proton pump inhibitors may be safely used in pregnancy for treatment of esophageal 
reflux, nausea, and vomiting. Some studies report higher incidence of miscarriages, 
preterm births, IUGR, and hypertensive disorders of pregnancy in these women. For 
treatment during pregnancy, hydroxychloroquine and corticosteroids are safe, 
whereas cyclophosphamide is contraindicated.

10.4	 �Antiphospholipid Syndrome

Antiphospholipid syndrome (APS) is an acquired autoimmune thrombophilia 
diagnosed by characteristic clinical features including vascular thrombosis, obstet-
ric complications, and specified levels of circulating aPL antibodies.

Obstetric complications included recurrent early fetal loss and late second or 
third trimester fetal deaths, preeclampsia, IUGR, and preterm delivery. In APS, the 
prothrombotic risks (of both arterial and venous thromboembolism) associated with 
pregnancy are aggravated. In addition to risk of deep vein thrombosis, risks of pul-
monary emboli, stroke, and hepatic infarction have been reported in women with 
APS in pregnancy and puerperium.

Treatment of APLA syndrome is LMWH or unfractionated heparin in combina-
tion with low-dose aspirin throughout pregnancy and postpartum period. Low-dose 
aspirin starting from the preconceptional period is recommended. In women with 
history of thrombosis or cerebral events with APS who are maintained on warfarin 
derivatives, switch over to heparin (LMWH or unfractionated heparin) is recom-
mended preconceptionally or with positive early pregnancy test. Warfarin deriva-
tives are then begun in postpartum period.

10.5	 �Conclusion

Autoimmune disorders are common in women of childbearing age, and pregnancy 
in these women is at high risk of maternal and perinatal (fetal, neonatal) complica-
tions. Multidisciplinary approach is required to obtain an optimal obstetric outcome 
with coordination between obstetrician, rheumatologist, and nephrologist. Via 
preconceptional counseling, a prepregnancy plan should be established to anticipate 
possible complications and treat them when they develop.
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Effect of Pregnancy on Autoimmune 
Rheumatic Diseases

Hafis Muhammed and Amita Aggarwal

Abstract
Pregnancy is associated with significant physiological changes in multiple organ 
systems including immune system. Due to the need to maintain the fetus, the 
immune responses are blunted or skewed to prevent rejection of the fetus. These 
changes include inhibition of uterine NK cells, increase in immunoregulatory 
macrophages, dendritic cells, and T cells. These changes are probably mediated 
by the hormonal changes present in pregnancy. Pregnancy has variable effect on 
disease activity of different autoimmune disease with decrease in RA and some 
increase in risk of flares in SLE, while data on other diseases is scant.

Keywords
Pregnancy · Autoimmune rheumatic disease · Immunoregulation

11.1	 �Introduction

Pregnancy is a physiological state where an allogenic fetus stays in utero for 
9  months without evoking an immune response. Thus multiple immunologic 
changes occur in pregnancy which allows the fetus to be protected from immune 
reactions. At least three interrelated mechanisms are proposed:

	1.	 Physical separation of the fetus and immune system
	2.	 Reduced antigenicity of the fetus
	3.	 Maternal immune suppression
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It is conceivable that autoimmune disorders, which occur due to enhanced 
immune activation, behave differently during pregnancy owing to the immunologic 
changes occurring during this period. This chapter reviews the immune changes 
occurring during the pregnancy which brings about fetomaternal tolerance and their 
consequential effect on various rheumatic diseases.

11.2	 �Immune Changes in Pregnancy

11.2.1	 �Cytokines and Immune Cells

During preimplantation period, a number of cytokines influence the growth of the 
embryo. These cytokines include GM-CSF, heparin-binding epidermal growth fac-
tor (HB-EGF), insulin-like growth factor-I (IGF-I), and IGF-II.  In contrast, TNF 
and IFNγ impair embryonal growth [1, 2]. HLA-G expression on embryo is an 
important factor during this period.

Implantation occurs approximately 1 week after conception. Complex molecu-
lar interactions occur between primed uterus and developing embryo under 
the  influence of various hormones to bring about successful implantation. 
Syncytiotrophoblasts have numerous microvilli at its apical surface which inter-
digitates with similar protrusions of uterine epithelium called pinopodes. Apart 
from hormones various cytokines, chemokines, adhesion molecules, and cells of 
innate and adaptive immunity take part in orchestrating implantation.

Uterine natural killer (NK) cells are one of the most abundant immune cells in 
human decidua. Even though these cells are morphologically similar to circulating 
NK cells, they express a different pattern of cell surface markers and distinct set of 
granules. Uterine NK cells are CD56 bright CD16− in contrast to CD56 dim CD16+ 
circulating NK cells. Inhibition of uterine NK cells through receptors like NK2GDR 
plays an important role in maintaining pregnancy. Uterine NK cells also have angio-
genic functions resulting in decidual vasculature that accompanies placental devel-
opment [3, 4].

Decidual macrophages are the predominant antigen-presenting cells in decidua 
and account for 20–25% of total decidual leukocytes. During pregnancy the decid-
ual macrophages have an M2 phenotype; that is, they are alternatively activated 
macrophages. M2 macrophages produce inhibitory cytokines like IL-10 and TGFβ1 
resulting in immune tolerance to allogeneic fetus. These cells also have some role in 
trophoblastic invasion [5].

Compared to other dendritic cells (DC), decidual DCs have increased expression 
of CD80/86 and IDO and decreased expression of IL-12. Thus, these DCs behave as 
immunoregulatory DCs and lead to proliferation of regulatory T cells [6].

T cells account for 10% of the leukocytes in the decidual tissue of early preg-
nancy. They differ from peripheral T cells by expression of activation markers such 
as CD45RO, CD69, HLA-DR, and CD25, but their function and mechanism of 
fetus-specific immune recognition remain unclear [7]. The classical “Th1/Th2” 
hypothesis suggests that a predominance of Th2 immunity over Th1 immunity 
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occurs during pregnancy which is responsible for maternal tolerance. However, 
Th1/Th2 paradigm was found to be insufficient to explain various pregnancy com-
plications in systemic autoimmune disorders. Th17 cells produce IL-17 and mediate 
the induction of inflammation. Higher levels of Th17 cells are associated with mis-
carriages and prematurity. Activation of regulatory T cells is essential for successful 
completion of pregnancy and fetomaternal tolerance. Pregnancy complications like 
recurrent miscarriage and preeclampsia were found to be associated with lower 
numbers of T regulatory cells. Together a tightly regulated balance between Th1, 
Th2, Th17, and Treg cells is required for maintenance of pregnancy [8]. Role of 
antibodies and B cells in maintenance of pregnancy is not very clear. IL-10-
producing regulatory B cells are probably important in pregnancy maintenance [9].

The mechanism behind these changes in immune system is probably the changes 
in the hormone levels during pregnancy. Most immune cells have receptors for 
female sex hormones. HCG ensures a continual supply of ovarian progesterone and 
helps in maintenance of pregnancy. Progesterone initially produced by the corpus 
luteum and later by the placenta is the most important factor in the maintenance of 
pregnancy. Along with estrogen, HCG plays an important role in immune cell traf-
ficking and regulatory T-cell development.

11.2.2	 �Fetoplacental Factors Contributing to Tolerance

Placental and early fetal tissues lack classical HLA molecules. Instead they express 
HLA-G, -E, and -C [10]. These HLA molecules interact with inhibitory receptors 
on uterine NK cells and inhibit their cytotoxicity. In addition, placenta expresses 
high level of inhibitory receptor PDL1 which inhibits T-cell proliferation and activa-
tion, thus helping in the maintenance of fetal tolerance [11].

11.2.3	 �Microchimerism

During pregnancy there can be bidirectional transfer of cells across placental bar-
rier. This can lead to presence of genetically distinct population of non-host cell 
surviving and proliferating in host. This is called microchimerism. Role of micro-
chimerism is suggested in pathogenesis of many autoimmune diseases and may 
partly explain the behavior of some of the connective tissue disorders in pregnancy 
[12].

11.3	 �Pregnancy and Rheumatic Diseases

11.3.1	 �Rheumatoid Arthritis

Rheumatoid arthritis is a disease that has a moderate female bias and occurs in 
reproductive-age group. Thus, a fair number of pregnancies occur in patients with 
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RA. Patients with RA typically show improvement in arthritis during pregnancy. As 
much as 48–62% have some improvement in arthritis while 16–27% undergo com-
plete remission during pregnancy [13, 14]. At least a half of patients experience 
relief in first trimester which lasts throughout pregnancy. Improvement in arthritis is 
more in seronegative patients (75%) than patients with seropositive RA (RF or 
ACPA positivity) [15]. In seropositive patients, there is no correlation of clinical 
improvement of arthritis with levels of RF or CCP. It was also shown that the higher 
the degree of class II HLA disparity between mother and fetus, the more the chance 
of improvement [16].

In postpartum period there is increased risk of flare of arthritis. This flare can 
occur over next 3–6 months and nearly 90% of patients will have clinical worsen-
ing. Risk of development of RA is also increased after pregnancy, with maximum 
risk in first 12 months postpartum. Presence of RF during pregnancy predicts the 
development of new-onset RA postpartum.

11.3.2	 �Seronegative Spondyloarthritis

Spondyloarthritis (SpA) are a group of diseases that are more common and severe 
in men. They are characterized by lower limb arthritis and inflammatory back pain. 
As they are believed to occur due to innate immune system activation, effect of 
pregnancy is minimal.

There is no significant improvement or worsening of arthritis during pregnancy 
in patients with SpA. There is no data on the onset of SpA during pregnancy. In 
patients with active arthritis, disease continues to be active in first and second tri-
mesters with some improvement in third trimester [17]. In patients with long-
standing disease, changes in the pelvic dimension may affect the mechanism of 
labor necessitating caesarean section.

There can be dramatic improvement in skin lesions of psoriasis during preg-
nancy. Skin lesions improve in 40–60% of women, worsen in 10–20%, and remain 
stable in the remainder during pregnancy [18]. Skin flare can occur in postpartum 
period Behavior of psoriatic arthritis in relation to various stages of pregnancy is not 
well characterized.

11.3.3	 �Systemic Lupus Erythematosus

Data on the behavior of SLE in pregnancy is confusing and remains controversial. 
Lack of uniformity in defining flare, heterogeneity in populations, and multiple con-
founders in various studies have contributed to confusion. Often differentiating 
lupus disease activity from clinical features of preeclampsia can be difficult. Based 
on recent studies, there is two- to threefold increase in SLE activity during preg-
nancy [19–21]. Risk of any flare in pregnancy is 35–70% with 15–30% risk of 
moderate-to-severe flare. Renal flares are more common than other manifestations 
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(43% of all flare) [20, 21]. Flare of arthritis is less common. Factors predicting flare 
in pregnancy are

	(a)	 Active disease during the 6 months prior to conception
	(b)	 Nephritis in past
	(c)	 Discontinuation of hydroxychloroquine
	(d)	 Primigravida

Prolonged remission period before pregnancy decreases the likelihood of flare. 
Decreased flare rate in third trimester has been reported in a recent study presum-
ably because of blunted IL-6 response due to lower levels of estrogen. One-third of 
patients experience flares in postpartum period.

11.3.4	 �Mixed Connective Tissue Disorder

Mixed connective tissue disease (MCTD) is a rare disorder that affects young 
females and presents with Raynaud’s phenomenon, sclerodactyly, interstitial lung 
disease, pulmonary artery hypertension, arthritis, and myositis. In a series of ten 
patients with MCTD, three had flare during pregnancy [22]. There are reports of 
clinical flare with proteinuria, myositis, and synovitis in patients with 
MCTD. However large-scale data is not available to make a definitive conclusion. 
Patients with ILD and PAH may have worsening of symptoms due to increase 
demand during pregnancy as well as restriction of lung movements due to growing 
fetus.

11.3.5	 �Sjogren’s Syndrome

Sjogren’s syndrome (SS) presents with dry eyes, dry mouth, and extra-glandular 
manifestations. There are only case reports of new-onset renal disease and pericar-
ditis in women with SS during pregnancy. Studies involving larger population and 
validated tools to measure disease activity are required to see the actual effect of 
pregnancy on Sjogren’s disease.

11.3.6	 �Antiphospholipid Syndrome

Obstetric APS, eclampsia, and HELLP are discussed elsewhere in the book. 
Catastrophic antiphospholipid syndrome, vascular thrombosis, and severe thrombo-
cytopenia are reported in pregnant patients with antiphospholipid syndrome. 
Whether pregnancy increases these manifestations is still unclear.
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11.3.7	 �Systemic Sclerosis

Unlike other connective tissue disorders, it is difficult to assess the disease activity 
of systemic sclerosis in pregnancy. Monitoring tools including mRSS are less sensi-
tive to changes occurring over short duration. Many symptoms like arthralgia, 
reflux, and puffiness of extremities can occur in normal pregnancy and thus it is 
difficult to attribute these to disease flare.

In general, there is no exacerbation of SSc in pregnancy. In one large study that 
involved 99 pregnant women with SSc disease remained stable in most patients. 
Four patients, all of whom were Scl-70 positive, had disease progression within 
1 year of delivery [23]. Ten-year cumulative survival for women who had sclero-
derma with and without pregnancy is similar [24].

Raynaud’s symptoms generally improve in pregnancy presumably due to 
increased blood flow. Gastric reflux symptoms tend to worsen. Significant PAH is a 
contraindication for pregnancy as these patients may not tolerate fluid shifts during 
pregnancy.

There is no increased incidence of renal crisis in pregnancy. However, sclero-
derma renal crisis in pregnancy is associated with adverse maternal outcomes. It is 
often difficult to clinically differentiate between preeclampsia and scleroderma 
renal crisis.

11.3.8	 �Idiopathic Inflammatory Myositis

In general, risk of flare in quiescent disease is low. However, disease onset during 
pregnancy is associated with a severe course with complications including rhabdo-
myolysis and myoglobinuria described in literature [25].

11.3.9	 �Vasculitis

Pregnancy in ANCA vasculitis as such is a rare event owing to rarity of disease and 
age group in which the disease is more common. Hence, large-scale data on preg-
nancy and outcomes is not available in GPA, MPA, or EGPA. Twenty to forty per-
cent of patients can have flare of disease during pregnancy [26]. Pregnancy is 
usually uneventful in well-controlled ANCA vasculitis with a significant duration of 
remission. Those conceiving with active disease remain active.

Monitoring disease activity can be a real challenge in pregnancy because acute-
phase reactants can be affected by physiological changes in pregnancy. Imaging for 
pulmonary lesions can also be difficult in the setting of pregnancy.

Effect of pregnancy on PAN is unclear. However, PAN has a natural course with 
minimal relapse and is unlikely that PAN in remission flares during pregnancy.

H. Muhammed and A. Aggarwal



119

Takayasu arteritis is a disease of young females. It is therefore important to 
understand the natural history of disease during pregnancy. Pregnancy does not 
seem to have a significant effect on disease activity in large-vessel vasculitis. <5% 
of Takayasu arteritis patients flare in pregnancy [26]. However, in Takayasu arteri-
tis, hemodynamic changes in various stages of pregnancy can have effect on already 
damaged vascular areas. Congestive cardiac failure, acute kidney injury, ruptured 
aneurysm, and cerebral hemorrhage have been described. Complication mostly 
occurs during parturition when fluid shift and cardiovascular load are maximum.

In contrast to other vasculitides, up to 60% Behcet’s remain stable or improve 
during pregnancy [26]. There are reports of thrombotic episodes developing during 
pregnancy. However attributable risk of developing thrombosis in Behcet’s is not 
clear as pregnancy in itself is a hypercoagulable state.

11.4	 �Summary

Immune changes in pregnancy seem to have a beneficial effect on disease activity in 
RA which is probably related to skewing of immune response towards Th2 and 
regulatory T cells. In contrast, SLE patients generally have increased disease activ-
ity during pregnancy. For most of the connective tissue disorders there is insufficient 
data on the course of disease during pregnancy (Table 11.1).

Table 11.1  Effect of pregnancy on common rheumatic diseases

Disease Activity during pregnancy Comments
Rheumatoid arthritis 50–60% have improvement in 

arthritic symptoms
Remission more in seronegative 
patients
Postpartum worsening of disease 
activity in up to 90%
10% may start RA in postpartum 
period

Spondyloarthropathy No significant change in disease
Psoriasis Skin lesions improve in up to 

60%
No large data on activity of 
arthritis

Lupus Flares in about 10–30% of 
patients

Increased risk with active disease 
at conception, lupus nephritis, 
stoppage of HCQ
One-third may flare in postpartum 
phase

Systemic sclerosis No exacerbation in pregnancy
No increased incidence of renal 
crisis

GE reflux may worsen
SRC associated with poor 
pregnancy outcome

ANCA-associated 
vasculitis

20–40% can flare –

Takayasu arteritis <5% flare Increased incidence of 
complication in pregnancy
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12Management of Lupus Flare During 
Pregnancy
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Abstract
Systemic lupus erythematosus (SLE)/lupus continues to be the ten-headed mon-
ster posing challenges in diagnosis and management during all periods of life 
especially during pregnancy, when associated with a flare. The flare may be mild, 
moderate, or severe. Usually there would be at least consideration of a change or 
increase in treatment. Many disease activity indices are present, and some of 
them are used in pregnancy after suitable modifications. Lupus being a great 
masquerader has to be differentiated when it flares from other conditions which 
have been lucidly presented in tables in this chapter. The poor prognostic mark-
ers and pregnancy planning have been discussed. Management of different types 
and difficult flares have been dealt with for easy reading and understanding.

Keywords
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Systemic lupus erythematosus (SLE)/lupus continues to be the ten headed monster 
posing challenges in diagnosis and management during all periods of life especially 
during pregnancy, when associated with a flare. The flare may be mild, moderate, or 
severe. A flare has been defined and described differently. In simple term it means 
“a measurable increase in disease activity in one or more organ systems involving 
new, worsening clinical signs, symptoms and laboratory measurements.” It must be 
considered clinically significant by the assessor. Usually there would be at least 
consideration of a change or increase in treatment. This definition was framed by 
the Lupus foundation of America in 2006 [1]. A pragmatic definition of a “major” 
flare defined by Fortin and colleagues includes new or increased use of 

http://crossmark.crossref.org/dialog/?doi=10.1007/978-981-15-0114-2_12&domain=pdf
https://doi.org/10.1007/978-981-15-0114-2_12#DOI


124

immunosuppressive therapy, new or increased use of corticosteroids greater than 
0.5 mg/kg/day, and hospitalization or death because of SLE disease activity [2, 3].

Many disease activity indices (DAI), responder indices (RIs), and health-related 
quality of life (HRQOL) have been adapted after a period of time.

Among these, the SLE disease activity index (SLEDAI) has been validated. It 
has modified versions.

Like the SELENA-SLEDAI and SLEDAI, which measure disease activity over 
the past 28–30 days to assess improvement, the SLEDAI 2K Responder Index 50 
(52K RI 50) indicates a 50% improvement in the 24 descriptors [4].

The SLICC (Systemic Lupus International Collaborating Clinic) developed the 
SLE damage index (SDI) which calculates damage from disease activity, medica-
tions, and comorbid conditions for a duration of 6 months.

The indices used in pregnancy are SLEPDAI (Systemic Lupus Erythematosus 
Pregnancy Disease Activity Index), LAI-P (Lupus Activity Index in Pregnancy), 
and MSLAM (Modified Systemic Lupus Activity Measure). The SLEDAI has 24 
descriptors and 15 are modified. LAI-P has a sensitivity and specificity of >90%. 
Here the physician’s Global Assessment and asthenia have been eliminated. 
Asthenia has been replaced by fever, a CNS score of 3, anti-dsDNA and comple-
ment, scoring a maximum of 2.

As SLE is a disease of relapses, damage can occur. Early accrual of damage 
reflects poor prognosis with increased mortality. Different organs have different 
SLEDAI and SDI (Table 12.1) [5].

However ultimately an exhaustive history, meticulous physical examination, 
along with the respective laboratory investigations, will help in the identification of 
the type of organ flare and also to assess the disease activity. The rate of lupus flares 
at conception increases to 60% in active disease (Table 12.2).

In this chapter the key points will be:

1a. Identification of a flare in lupus pregnancy.
1b. Preconception counselling.
1c. Contraindications.
2a. Differences between normal and lupus pregnancy.
2b. Poor prognostic factors.
3a. Types of organ flares in pregnancy.
3b. Types of adverse outcomes.
4. Types of flares based on severity, in pregnancy.
5. Differentiation between lupus pregnancy flares and associations, e.g., TTP, 

eclampsia, lupus nephritis flare, fatty liver of pregnancy, HELLP, catastropic 
antiphospholipid syndrome.

6. How to identify flares.
7. Management of flares.
8. Maternal and fetal complications.
9. Postpartum management.
10. Recent advances.
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SLE pregnancy losses in stable disease have reduced to 17% [7]. As per the 
PROMISSE study, 80% of 333 women had a favorable pregnancy outcome (defined 
as the absence of fetal/neonatal death). Flares can occur in pregnancy in the postpar-
tum period too. The frequency is lowest in the third trimester.

The rate of flares is 13.5–65%. Validated measures of disease activity have been 
found to have a two- to threefold increase in disease activity during pregnancy. The 
most common organs involved are the skin, kidneys, blood, and joints among which 
renal and hematological flares are the commonest.

Table 12.1  SLEPDAI [5]

Score Descriptor
Modified for 
pregnancy Considerations

8 Seizure Yes r/o Eclampsia
8 Psychosis No
8 Organic brain 

syndrome
No

8 Visual disturbance No Hypertension is already considered an 
exclusion in SELENA-SLEDAI and SLEDAI

8 Cranial nerve 
disorder

Yes r/o Bell palsy

8 Lupus headache Yes
8 CVA Yes r/o Eclampsia
8 Vasculitis Yes Consider palmar erythema
4 Arthritis Yes Consider bland knee effusions
4 Myositis No
4 Urinary casts No
4 Hematuria Yes r/o Cystitis and vaginal RBC reflective of 

placental problems
4 Proteinuria Yes r/o Eclampsia
4 Pyuria Yes r/o Infection
2 Rash Yes Consider chloasma
2 Alopecia Yes Consider normal postpartum alopecia
2 Mucosal ulcers No
2 Pleurisy Yes Hyperventilation may be secondary to 

progesterone, dyspnea secondary to enlarging 
uterus

2 Pericarditis No
2 Low complement Yes Complements normally rise during pregnancy
2 Increased DNA 

binding
No

1 Thrombocytopenia Yes r/o Preeclampsia, HELLP syndrome, 
incidental thrombocytopenia of pregnancy

1 Leukopenia Yes Consider normal rise of leukocyte count 
during pregnancy

1 Fever No
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How to recognize a lupus flare in a pregnancy? It is difficult because it can mimic 
symptoms of normal pregnancy. Multiple predictors of flare have been listed, e.g., 
disease activity at conception, lupus nephritis, discontinuation of medicines, espe-
cially hydroxychloroquine (Table 12.3).

 

Decline in serum complement levels during pregnancy is associated with poor 
pregnancy outcomes. SLE disease activity indices have not included pregnancy 
changes (Tables 12.4 and 12.5).

Table 12.2  LUPUS ACTIVITY INDEX - PREGNANCY [6]

Group Parameter Point values Values to calculate LAI-P
1 Fever 0 1 (a) Mean

Rash 0 2
Arthritis 0 2 3
Serositis 0 1 2 3

2 Neurologic 0 3 (b) Maximum
Renal 0 2 3
Lung 0 3
Hematologic 0 1 2 3
Vasculitis 0 3
Myositis 0 3

3 Prednisone, NSAID, HCQ 0 1 2 3 (c) Mean
Immunosuppressor 0 3

4 Proteinuria 0 1 2 3 (d) Mean
Anti-DNA 0 1 2
C3, C4 0 1 2

Point value of LAI-P = (a + b + c + d)/4
HCQ hydroxychloroquine, LAI-P lupus activity index in pregnancy
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Table 12.3  Recognition of a flare in lupus pregnancy

Organ Normal Cause Lupus Cause
Cutaneous
 � (a) Facial 

flush

Centrofacial over 
cheeks, forehead, 
upper lip, nose, chin, 
malar, mandibular

Edematous, 
erythematous fine 
scaling, no atrophy

Palmar 
erythema

Yes Estrogen-related 
vadodilatation

Yes Vasculitis

Musculoskeletal Fatigue
Back pain
Bland knee effusion

Fatigue
Lethargy
Inflammatory 
arthritis

Respiratory 
system

Dyspnea Central 
effects—
progesterone

Pleurisy

Hematological Mild anemia Hemodilution Hemolytic anemia, 
positive Coomb’s 
test
↑Reticulocyte 
count
↑LDH

Table 12.4  Investigations differentiating normal pregnancy and lupus

Normal Lupus
First trimester ↑WBC
30 weeks Plateau Neutrophilia Lymphopenia <1000/mm

↓Platelet 1–1.5/cm mm (mild) ↓Platelet (to exclude PET/EC)
ESR ↑Mild ↑Inflammatory makers
Proteinuria Physiologic 

<300 mg/day
Active urine sediments, 
proteinuria >300 mg/day

GFR ↑>50%
BUN ↓ >13 mg%
Serum 
creatinine

↓ >0.8 mg%

Complement ↑ ↑Hepatic synthesis of 
estrogen

Normal or ↓C3, C4, CH50↓ by 
25% or >

Anti-dsDNA Negative Positive
Second trimester of pregnancy
↑Pregnancy loss
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12.1	 �Comparison of Lupus Pregnancy and Normal Pregnancy

There are various similarities and differences in the hormonal and immune responses 
between a pregnant lupus patient and woman with normal pregnancy as illustrated 
(Table 12.6) [8].

Normal pregnancy is associated with hemodilution. There is progesterone-
induced smooth muscle relaxation and compression of the ureters by the gravid 
uterus, the end result being pyelonephritis and symptomatic urolithiasis. The other 
manifestations mimicking lupus include arthralgia, myalgia, facial and palmar rash, 
edema of face, hands and legs, hearing loss, shortness of breath, and carpal tunnel 
syndrome.

Table 12.5  Differences between normal pregnancy and lupus flare 

Feature
Findings indicative of a lupus 
flare

Findings of normal pregnancy 
that can mimic a flare

Clinical Active rash of lupus
Inflammatory arthritis
Lymphadenopathy

Fatigue
Arthralgias
Bland effusions of knees

Fever >38 °C (not related to 
infection or drug)

Myalgias
Malar and palmar erythema
Postpartum hair loss

Pleuritis Carpal tunnel syndrome
Edema of hands, legs, and 
face
Mild resting dyspnea

Pericarditis
ESR Increased 18–46 mm/h <20 weeks 

gestation
30–70 mm/h ≥20 weeks 
gestation 

Anemia Hemoglobin <10.5 g/dL Hemoglobin >11 g/dL during 
first 20 weeks gestation
Hemoglobin >10.5 g/dL after 
20 weeks gestation

Thrombocytopenia Platelet count <95,000/μL Mild in approximately 8%

Urinalysis Hematuria or cellular casts Rare hematuria from vaginal 
contamination

Proteinuria ≥300 mg/day <300 mg/day
dsDNA antibodies Rising titers Negative or stable titers
Complement ≥25% drop Usually increased

ESR erythrocyte sedimentation rate
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12.2	 �Checklist for Counselling and Pregnancy Planning 
for Patients with SLE [8]

	1.	 Risk assessment
	(a)	 Age
	(b)	 Previous pregnancies
	(c)	 Disease activity assessment
	(d)	 Irreversible damage

	2.	 Autoantibodies
	(a)	 Antiphospholipid antibodies
	(b)	 Anti Ro/La

	3.	 Current treatment adjustments
	4.	 Pregnancy-contraindicated if

	(a)	 SLE Disease Activity Index (SLEDAI >8)
	(b)	 High irreversible damage

	5.	 Drugs which are contraindicated to be replaced by safe ones-wait for remission 
for at least 2–3 months

	6.	 Treat active disease
	7.	 Prophylaxis

	(a)	 Low-dose Aspirin: First trimester onwards till delivery to reduce preeclamp-
sia especially in patients with lupus nephritis.

Table 12.6  Comparison of immunological and hormonal response between lupus pregnancy and 
normal pregnancy

S. 
no. Parameters

Pregnancy
OutcomesNormal Lupus

1 TH17-IL17 ↑ ↑ Preeclampsia, fetal 
loss

2 Estradiol + progesterone (second 
and third trimesters)

↑ ↓ Impairs placental 
function and fetal loss

3 IL-10 First 
trimester—↓
Third 
trimester—↑

↑ in all 
trimesters

B-cell stimulation

4 Treg cells ↑ ↓ Disease activity
5 Chemokines

CXCL-8, IL-8
CXCL-9, MIG
CXCL-10, IP-10

↓ ↑ ↑Flares and 
complications

6 Ficolin 3 ↓ ↑ Hemolysis
7 IFN-α ↓ ↑ Preeclampsia
8 C4d ↓ ↑ ↓Placental weight
9 Prolactin ↓ ↑
10 IL-6 ↓/N ↑
11 sTNFαR ↓ ↑
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	(b)	 Prophylaxis: Preeclampsia and thrombosis in patients with positive antiphos-
pholipid antibodies.

	(c)	 Pregnancy: Planned only when the disease is in remission both clinically 
and by investigations for at least 6 months.

	(d)	 Thyroid Function: Should be assessed as hypothyroidism in SLE is associ-
ated with poor outcomes.

12.3	 �Situations Where Pregnancy Is Not Advisable [8]

	1.	 Severe pulmonary hypertension (systemic pressure >50 mmHg).
	2.	 Severe restrictive lung disease (forced vital capacity <1 L).
	3.	 Advanced renal insufficiency (serum creatinine >2.8 mg%).
	4.	 24 hour urine protein >0.5 g.
	5.	 Advanced heart failure.
	6.	 Previous severe preeclampsia or hemolysis, elevated liver enzymes, low platelet 

count (HELLP) despite treatment.

12.4	 �Differences Between Preeclampsia and Lupus Nephritis 
in Pregnancy

It is important to differentiate preeclampsia from lupus nephritis in pregnancy as 
depicted in Table 12.7.

12.5	 �Poor Prognostic Markers [8]

	 1.	 Active disease 6 months prior to pregnancy
	 2.	 Maternal hypertension
	 3.	 Previous fetal loss
	 4.	 Active renal lupus
	 5.	 Serum creatinine >2.8 mg%
	 6.	 SLE onset during pregnancy
	 7.	 Presence of APS
	 8.	 High anti-dsDNA titers
	 9.	 Low complements
	10.	 Proteinuria
	11.	 Thrombocytopenia
	12.	 Comorbid States

	(a)	 Diabetes mellitus
	(b)	 Hypertension
	(c)	 Pulmonary hypertension
	(d)	 Older age at conception
	(e)	 Renal failure
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	(f)	 Preeclampsia (30%), eclampsia, HELLP
	(g)	 Thormbophilia
	(h)	 Sepsis, pneumonia, anemia
	(i)	 Ante-partum and postpartum hemorrhage
	(j)	 Deep vein thrombosis (0.4%) and stroke (0.32%)
	(k)	 Pulmonary thromboembolism

12.6	 �Definitions

It is worthwhile remembering certain definitions to understand the issues related 
with lupus pregnancy.

12.6.1	 �Maternal Flare

Any clinical event attributable to disease activity that required a change in therapy.

Table 12.7  Differences between preeclampsia and lupus nephritis in pregnancy

S. 
no. Parameters Normal Pre-eclampsia Lupus nephritis
1 Hypertension − After 

20 weeks
Anytime

2 Hemolysis − Severe Present
3 Platelets ↓ Normal or ↓ Normal or ↓
4 GFR ↑
5 Creatinine 

clearance
↑ by 30%

6 Serum creatinine <0.9 (↓) Normal or ↑ Normal or ↑
7 LFT Normal expect ↑ 

ALP
↑ ↑

8 Uric acid ↓ ↑>5.5 mg% Normal
9 Anti-dsDNA Absent Absent ↑
10 24 hours urine

 � (a) Calcium
 � (b) Protein

<195 mg%
–

>195 mg%
Doubling of previous value 
or >3 g/day

11 Urine sediments Inactive Active-cellular
RBC casts, dysmorphic
RBC’s and cylinders

12 Other organs Occasionally-
CNS
HELLP

Active
Non renal +

13 Steroid response No Yes
14 Serum sFLT-1 ↑ −
15 Placental growth 

factor
+ −

12  Management of Lupus Flare During Pregnancy



132

12.6.2	 �Preexisting Lupus Nephritis

Confirmed by renal biopsy, documented proteinuria and on high-dose steroid before 
pregnancy, on greater than 15 mg prednisolone within 4 months of conception.

12.6.3	 �Renal Flare

New onset proteinuria greater than 0.5  g/day, urinary cellular casts or by renal 
biopsy after delivery (from conception to 1 month postpartum).

12.6.4	 �Acute Kidney Injury

1.5-fold increase in serum creatinine compared to baseline and serum creatinine 
more than 0.9 mg%

12.6.5	 �Preeclampsia (Toxemia)

A pregnancy complication occurring in the mother after 20 weeks of pregnancy, 
which manifests with new onset of high blood pressure (BP) >140/90 mmHg and 
proteinuria >0.3 g/day, without hypertension and <0.3 g/day at baseline.

12.6.6	 �Organ Flare [8]

Multi-organ flares are common in pregnant lupus patients especially when there is 
active disease. About 50% experience a flare during pregnancy. However, renal 
flares are very difficult to differentiate from preeclampsia, HELLP, and pregnancy-
induced hypertension (PIH). LUPUS flares range from 7% to 33%. In active dis-
ease, at conception it increases to 60%. Postpartum flares also occur. Many studies 
have revealed the increased incidence of mucocutaneous, musculoskeletal, and 
most significantly renal and hematological flares. Active SLE with decreased plate-
let count in first trimester produces 44% fetal losses. Hypertension and preeclamp-
sia occur in 35% of patients with lupus nephritis. HELLP syndrome occurs in 
30–50% of lupus pregnancies as early as 15–20  weeks of gestation. Disease in 
remission 6–12 months before pregnancy produces less flares.

12.6.7	 �Lupus Nephritis

A renal flare is associated with proteinuria, hypertension, hematuria, low comple-
ment, and anti-dsDNA antibodies. Duration of a renal flare is an independent pre-
dictor of chronic kidney disease; preexisting lupus nephritis is associated with more 
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renal flares. In nephrotic syndrome, heparin (either low molecular weight or unfrac-
tionated) can be given to prevent thromboembolism [9].

Superimposed preeclampsia is associated with worsening hypertension and 
100% increase in proteinuria in patients with baseline hypertension and proteinuria 
greater than 0.3 g/day, respectively. 50% decrease in proteinuria by 6 months is 
associated with four times likelihood of achieving complete remission. Successful 
pregnancies are seen in 65–92% of lupus nephritis patients [10]. Tacrolimus is safe 
in pregnancy with renal involvement. The approach to manage pregnancy in lupus 
nephritis is given in Table 12.8 (algorithm).

12.6.8	 �Class IV Nephritis

 

12.7	 �Renal Transplantation

Successful pregnancies are possible in renal transplant recipients. But there is an 
increased frequency of preeclampsia, low birth weight, and premature births. 
Pregnancy outcomes are better in patients on hydroxychloroquine, low-dose aspirin 
in the first trimester (primary prophylaxis for preeclampsia), clinically inactive 
SLE, serum creatinine <1.5  mg%, nonsignificant proteinuria <500  mg/day, and 
well-controlled hypertension.
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Table 12.8  Algorithm for management of lupus nephritis in pregnancy
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12.8	 �Other Organ Flares

Multiple studies have shown that whatever flare occurred in pregnancy had been 
present in the 6 months prior to conception. These were nephritis, serositis followed 
by hematological, cutaneous, and musculoskeletal flares.

12.9	 �Lupus Pregnancy and HELLP

The Tennessee Classification System diagnostic criteria for HELLP are hemolysis 
with increased lactate dehydrogenase (>600  U/L), aspartate aminotransferase 
(>70 U/L), and platelets <100,000/μL. The prothrombin time remains normal unless 
there is evidence of disseminated intravascular coagulation or severe liver injury [7].

Treatment of HELLP syndrome based on level IV evidence is rapid delivery after 
the 34th week of gestation.

12.10	 �Hematological Flares

Thrombocytopenia in lupus is a well-known phenomenon. Gestational thrombocy-
topenia is the most common type (75%) of cases, followed by preeclampsia/HELLP 
syndrome in 15–22% and autoimmune thrombocytopenia. The other important 
cause of low platelet count in pregnancy is thrombotic thrombocytopenic purpura 
(TTP) as target treatment can prevent complication like cerebral hemorrhage and 
organ failure, which can be a true challenge. In TTP the ADAMTS 13 is deficient 
and in hemolytic uremic syndrome (HUS), the deficiency is severe.

In acquired TTP, the treatment based on level III evidence is plasma exchange 
within 4–8 h. This reduces the maternal mortality in 90%.

In treatment of autoimmune thrombocytopenia invasive delivery methods should 
be avoided, the neonatal cord blood platelet should be checked in the immediate 
postpartum period and the following week. If it is below 50,000 a transcranial ultra-
sound is done. If it is below 20,000 with or without bleeding—IVIG or steroids are 
given with or without platelet transfusion to the neonate. Treatment of the mother 
requires IVIG and prednisolone to increase the count to 20,000–30,000 during preg-
nancy on just before or after delivery [11].

12.11	 �Acute Fatty Liver of Pregnancy

Acute fatty liver of pregnancy is a microvesicular fatty infiltration of hepatocytes 
that develop during the second half of pregnancy. It is a rare complication and 
resembles Reye’s syndrome in its presentation with vomiting, hypoglycemia, lactic 
acidosis, hyperammonemia, elevated hepatic transaminases, conjugated hyperbili-
rubinemia, and evidence of disseminated intravascular coagulation. Hypertension, 
proteinuria, and thrombocytopenia are present in some cases, raising concern for 
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preeclampsia and/or the HELLP syndrome. However, the finding of hypoglycemia 
points strongly to acute fatty liver as the correct diagnosis.

Treatment of acute fatty liver of pregnancy consists of fluids, glucose administra-
tion, correction of coagulopathy and immediate delivery. The value of plasma 
exchange is doubtful [7].

12.12	 �Peripheral Smear-Schistocytes (Tables 12.9 and 12.10)

 

12.13	 �Antiphospholipid Syndrome

The presence of antiphospholipid antibody syndrome adds on to the thrombotic and 
obstetric complications and damage. Although formal studies are not available dur-
ing pregnancy, triple positive patients receive aspirin and LMWH during pregnancy. 
Warfarin is contraindicated due to risk of warfarin embryopathy syndrome, espe-
cially in the first trimester. Reassuring data have put forth direct factor Xa inhibitor 
Fondaparinux which does not cross the placenta. Hydroxychloroquine is indicated. 
Role of statins is still under discussion.

12.14	 �Infections

High disease activity may predispose to infection and vice versa. Management of 
infections should be proactive. Vaccinations are a must, i.e., Pnemococcal (PCV13, 
PPSV23) and  Influenza during stable disease. Role of Herpes Zoster vaccine in 
lupus is yet to be defined. Validated scores such as the quick SOFA are used now 
(systolic BP <100, RR >22/min, altered mental and Glasgow Coma Scale <15). The 
presence of ≥2 points near the onset of infection indicates poor outcome and a 
higher mortality rate.

R. Sankaralingam



137

Ta
bl

e 
12

.9
 

T
he

 d
if

fe
re

nt
ia

l d
ia

gn
os

is
 o

f 
m

ic
ro

an
gi

op
at

hi
a 

an
d 

th
ro

m
bo

cy
to

pe
ni

a 
in

 p
re

gn
an

cy

Pa
ra

m
et

er
Pr

ee
cl

am
ps

ia
H

E
L

L
P 

sy
nd

ro
m

e
T

T
P

aH
U

S
A

FL
P

A
PS

SL
E

H
yp

er
te

ns
io

n
+

+
+

+
+

+
+

+
+

+
+

/−
+

+
Pr

ot
ei

nu
ri

a
+

+
+

+
+

+
+

/−
+

+
+

+
/−

+
/−

+
+

+
U

pp
er

 a
bd

om
in

al
 

pa
in

+
/−

+
+

+
+

/−
+

/−
+

+
+

/−
+

/−

N
eu

ro
lo

gi
c 

de
fic

its
+

+
+

+
+

/−
+

+
+

T
hr

om
bo

cy
to

pe
ni

a
+

+
+

+
+

+
+

+
+

+
+

+
+

H
em

ol
ys

is
+

/−
+

+
+

+
+

+
+

+
+

+
+

/−
+

R
en

al
 d

ys
fu

nc
tio

n
+

/−
+

+
+

+
+

+
+

+
/−

+
+

E
le

va
te

d 
tr

an
sa

m
in

as
es

+
+

+
+

+
/−

+
/−

+
+

+
+

/−
+

D
is

se
m

in
at

ed
 

in
tr

av
as

cu
la

r 
co

ag
ul

at
io

n

+
/−

+
+

/−
+

/−
+

+
+

+
/−

+
/−

Pe
ak

 in
ci

de
nc

e
T

hi
rd

 tr
im

es
te

r
T

hi
rd

 tr
im

es
te

r, 
po

st
pa

rt
um

Se
co

nd
/th

ir
d 

tr
im

es
te

r
Po

st
pa

rt
um

T
hi

rd
 

tr
im

es
te

r

12  Management of Lupus Flare During Pregnancy



138

12.15	 �Mimics

Mimics of lupus flares include apart from the pregnancy changes, drug-induced 
dermatomyositis, psoriasis, Sjogren’s syndrome with its complication, fibromyal-
gia, vasculitis, Kikuchi’s disease, etc.

Drugs that are safe in pregnancy and lactation are given in Tables 12.11 and 
12.12.

12.16	 �Glucocorticoids

The lowest possible dose should be given for the fetus with congenital heart block—
either dexamethasone or betamethasone (4–8 mg/day) is given till the end of preg-
nancy. Side effects like cleft lip, palate, or both are associated with the use of 
glucocorticoids early in the pregnancy. High doses should be avoided in the first 
trimester. Preterm deliveries, fetal growth restriction, and behavioral childhood 
problems are encountered with higher doses. In the mother, hypertension, edema, 
gestational diabetes, and osteoporosis are side effects. Stress dose steroids should 
be given during labor in the peripartum period for patients already on steroids (24–
48 h of hydrocortisone).

Table 12.10  Differentiation of preeclampsia, HELLP syndrome, and active lupus nephritis

Preeclampsia
HELLP 
syndrome Active lupus nephritis

Timing in pregnancy After 20 weeks 
of gestation

After 20 weeks 
of gestation

All gestational ages

Complement (C3, C4)
Thrombocytopenia
Neutropenia
Active urine sediment

Normal
Absent
Absent
Absent

Normal
Present
Absent
Absent

Typically decreased
Present
Present (benign in 
Membranous LN)

Other organ involvement Absent Absent Present
Anti-double-stranded 
DNA antibodies

Absent Absent Present

Anti-C1q antibodies Normal Normal May be high
Abnormal liver function 
tests

Absent Present Absent

Serum uric acid Increased Increased Normal (may be elevated 
with reduced GFR)

Hypertension (BP-
140/90 mmHg)

Present Absent in 
10–15%

Variable

Elevation in creatinine 
(1.2 mg/dL)

Typically absent May occur in up 
to 10%

Commonly present

HELLP hemolysis, elevated liver enzymes, low platelet count
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12.17	 �Recent Advances

The recent update on the classification criteria for SLE by both ACR and EULAR 
has reiterated that almost all patients are ANA positive. This has given additional 
weightage as entry criteria. The international consensus on remission combines the 
absence of inflammation with prednisolone dose not exceeding 5 mg/day. It also 
states that visual impairment is rare with hydroxychloroquine. Safety of belimumab 
and anifrolimumab has to be looked into.

12.18	 �Key Messages

Lupus pregnancy by itself still remains a challenge. Hence it is not surprising that 
dealing with flares in lupus pregnancy is like catching a tiger by its tail, considering 
the fact that both mother and fetus have to be treated with equal importance for 
normal survival. Grey areas like congenital heart block, other effects on the neo-
nates and development of targeted therapies still remain as challenges. However, the 
future is not as bleak as it looks.

Table 12.11  Drugs for lupus in pregnancy and lactation [8]

S. 
no. Stages Names FDA

Safe in 
lactation

1. Antenatal
Without APS

HCQ
200–400 mg

C Yes

With APS HCQ
Aspirin-Low dose
Heparin, dalteparin Yes

2. (a) Flares Prednisolone 10 mg/day Yes
Prednisolone <20 mg/day C Yes
Avoid NSAIDS after 28 weeks
Acetaminophen

C Yes

(b) Severe flares Pulse steroid C Yes
3. Breastfeeding Oral corticosteroids (wait for 4 h 

after taking pill)
C

4. Severe flares 
immunosuppression
 � (a) Azathioprine
 � (b) Cyclosporine
 � (c) Tacrolimus

Safe 2 mg/kg/day
Lowest effective dose
Last resort

D
C

No
No

 � (d) IVIG
 � (e) Cyclophosphamide

C
D

Yes
No
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13Lupus Nephritis and Pregnancy

Manish Rathi

Abstract
Fertility in lupus patients is considered to be preserved as compared to general 
healthy population. While pregnancy outcomes have significantly improved in 
patients with SLE/LN, pregnancy in these patients is still at high risk of compli-
cations. Pregnancy may cause both short-term (flares) and long-term effects 
(progression to end-stage renal disease) on the course of LN. In addition, lupus 
increases the chances of maternal and fetal complications during pregnancy. 
Thus a pregnancy should be carefully planned in a lupus patient. The manage-
ment of such patients is a multidisciplinary approach.

Keywords
Pregnancy · Lupus nephritis · Systemic lupus erythematosus

Case Vignette  A 28-year-old female, married for 3 years, presented to the renal 
clinic with generalized swelling of the body, skin rash, and occasional low-grade 
fever of 3-month duration. On evaluation, her blood pressure was 150/90 mmHg; 
she had malar rash, anemia with normal platelets, and total leukocyte counts; ESR 
was 60. Her ANA was 3+ speckled pattern, anti-dsDNA antibodies were positive, 
and complement 3 (C3) and 4 (C4) were low. Urinalysis showed 3+ proteinuria, 
RBCs were 10-15/HPF, and her 24-h urine protein was 3.2 g/day. Serum albumin 
was 3.1 g/dL, creatinine was 0.8 mg/dL, and liver function tests and coagulation 
profile were normal. She fulfilled the clinical and laboratory criteria for systemic 
lupus erythematosus. Renal biopsy revealed class IV LN with activity index of 
12/24 and chronicity index of 0/12. She was started on induction therapy with 1 mg/
kg oral prednisolone along with 2  g/day of mycophenolate mofetil (MMF) in 
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divided doses. Adjunctive therapy included hydroxychloroquine (5  mg/kg/day), 
angiotensin receptor blocker (telmisartan 40 mg/day), calcium-vitamin D supple-
ments, and statin (atorvastatin 10 mg/day). At the end of 6 months, her proteinuria 
reduced to 0.1  g/day, serum creatinine was 0.8  mg/dL, and serum albumin was 
4.1 g/dL. Serology for anti-dsDNA was negative and C3 and C4 levels were normal. 
She was on 5 mg of prednisolone and 1 g/day of MMF with continuation of the 
adjunctive therapy, on which she was in complete remission for a period of 1 year. 
She wished to plan her family and was keen on knowing the outcomes and risks of 
pregnancy.

13.1	 �Is Fertility Affected by Lupus Nephritis?

Systemic lupus erythematosus (SLE), hence lupus nephritis (LN), predominantly 
affects females of reproductive-age group. Fertility in lupus patients is considered to 
be preserved as compared to general healthy population. However, exceptions to this 
observation are patients being treated with alkylating agents, patients with antiphos-
pholipid antibodies, and those with advanced renal dysfunction [1]. The presence of 
LN in a patient with SLE imposes a risk of reduction in fertility by two ways: (a) 
more frequent requirement of treatment with alkylating agent (cyclophosphamide) 
for severe disease and (b) renal dysfunction, leading to altered hormonal milieu in the 
form of raised prolactin and reduced gonadotropin-releasing hormone from the 
hypothalamus. The mean number of pregnancies was found to be lower in lupus 
patients with LN as compared to those without LN in an observational study from 
Finland [2]. Women with LN are mostly of the reproductive-age group and improve-
ment in remission induction with relatively safer immunosuppressive agents in these 
patients has allowed successful outcome of pregnancy in these patients [3].

13.2	 �Effect of Pregnancy on Lupus Nephritis

While pregnancy outcomes have significantly improved in patients with SLE/LN, 
pregnancy in these patients is still at high risk of complications. Pregnancy is 
accompanied by marked hormonal changes and altered immune function to accom-
modate an allogenic fetus (fetal tolerance), shifting towards a Th2 antibody-
mediated immune response from Th1 cell-mediated response. Pregnancy may cause 
both short-term (flares) and long-term effects (progression to end-stage renal dis-
ease) on the course of LN. The risk of SLE flare increases in these settings, as SLE 
activity is known to correlate with increased estrogen levels and Th2-mediated 
immune response [4]. The reported rates of LN flare in pregnancy have been con-
flicting. A systematic review and meta-analysis involving 1842 women with SLE 
and variable renal function reported lupus flare (of any sort) in 26% of them [5]. LN 
flare rates of 30–46% have been reported in pregnant women with LN, both during 
pregnancy and postpartum period [6, 7]. While the incidence of flares during preg-
nancy increases slightly, the severity of these flares is usually not high and most 
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respond to medications. In addition to LN flare, a pregnant patient with LN also 
carries risk of progression of renal disease. However, progression to end-stage renal 
disease is rarely reported, even in those with active LN [8].

Risk factors for LN flare during pregnancy [6–10]:

	1.	 Active disease during 6 months prior to conception
	2.	 Recent LN flare
	3.	 Partial remission
	4.	 Discontinuation of hydroxychloroquine
	5.	 Hypocomplementemia at conception
	6.	 High anti-dsDNA at conception

13.3	 �Effect of Lupus Nephritis on Pregnancy

13.3.1	 �Maternal Outcome

In a systematic review on 1842 patients with SLE, both active disease at conception 
and history of prior LN were associated with maternal hypertension and only prior LN 
was associated with increased risk of preeclampsia [5]. Preeclampsia has been observed 
in 8–25% patients with SLE/LN with well-controlled disease at baseline and intensive 
antepartum vigilance [10, 11]. Preeclampsia occurs earlier in women with SLE and LN 
compared to women with SLE without LN. While class III and/or IV LN were found 
to be more associated with hypertension and preeclampsia than class II and/or V LN in 
a study [12], class of LN and rate of maternal complication or unsuccessful pregnancy 
were not shown to be associated in a systematic review of nine studies [5]. Nonetheless, 
with the shortcomings of the systematic review and more aggressive disease course 
seen in proliferative forms of LN in nonpregnant state, it is important to carefully moni-
tor these patients during pregnancy. The classification of LN, International Society of 
Nephrology/Renal Pathology Society (ISN/RPS) 2003 with revision in 2018 [13, 14], 
is based on glomerular injury and shown in Table 13.1 and Fig. 13.1. Preterm delivery 
was observed in 28–58% of LN patients [10, 11]; proteinuria, active LN, history of 
renal flares, and arterial hypertension at conception were associated with preterm deliv-
ery [10]. Maternal death (mostly due to sepsis followed by disease activity) is reported 
rarely.

13.3.2	 �Fetal Outcome

The outcome of pregnancies in 385 SLE patients (including 120 LN patients) with 
quiescent disease activity was good, with 81% having uncomplicated pregnancies 
and fetal death being rare. Presence of lupus anticoagulant, Caucasian race, well-
controlled hypertension, platelet count above 100 × 109 cells/L, and a physician’s 
global assessment score of ≤1 were associated with low fetal/neonatal death (4%) 
as opposed to high fetal/neonatal death (22%) in those without these factors [11]. 
Fetal/neonatal loss rates of 8.4–13% and 35% were observed in patients with 
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controlled LN and active LN at conception, respectively; this was predicted by 
hypocomplementemia at baseline, non-usage of low-dose aspirin, maternal hyper-
tension at baseline, and antiphospholipid antibodies [7, 10, 15]. With renal impair-
ment, outcome is even poorer, with 60% fetal loss in those with serum creatinine 
>1.5 mg/dL. Low birth weight was reported in 27–46% of pregnancies in patients 
with active LN [7, 16]. Neonatal lupus syndromes have been associated with the 
presence of maternal antibodies in the fetus; the most important and permanent is 
congenital heart block occurring in 15–30% of fetus in the presence of maternal 
anti-Ro antibodies, maternal hypothyroidism, and fetal genetic polymorphisms 
[17].

Risk factors for overall adverse maternal and fetal outcome in LN patients [7, 10, 
15–19]:

	1.	 Active LN
	2.	 Prior LN
	3.	 Partial remission
	4.	 Hypertension
	5.	 Level of renal dysfunction
	6.	 Antiphospholipid antibodies

Table 13.1  International Society of Nephrology/Renal Pathology Society 2003 classification of 
lupus nephritis (LN)

Class Light microscopy IF/EM
Class I—Minimal 
mesangial LN

Normal glomeruli Immune deposits in mesangium

Class II—Mesangial 
proliferative LN

Pure mesangial hypercellularity of 
any degree or mesangial matrix 
expansion

Immune deposits in mesangium 
along with a few subendothelial 
or subepithelial deposits

Class III—Focal LN Segmental or global proliferative 
lesions in <50% of glomeruli

Subendothelial immune deposits 
with or without mesangial 
involvement

 � III (A) Focal proliferative lupus nephritis
 � III (A/C) Focal proliferative and sclerosing lupus nephritis
 � III (C) Focal sclerosing lupus nephritis
Class IV—Diffuse 
LN

Segmental or global proliferative 
lesions in >50% of glomeruli

Subendothelial immune deposits 
with or without mesangial 
involvement

 � IV-S (A) Diffuse segmental proliferative lupus nephritis
 � IV-G (A) Diffuse global proliferative lupus nephritis
 � IV-S (A/C) Diffuse segmental proliferative and sclerosing lupus nephritis
 � IV-G (A/C) Diffuse global proliferative and sclerosing lupus nephritis
 � IV-S (C) Diffuse segmental sclerosing lupus nephritis
 � IV-G (C) Diffuse global sclerosing lupus nephritis
Class V—
Membranous LN

Global or segmental thickening of 
glomerular basement membrane in 
>50% of glomeruli

Subepithelial immune deposits 
with or without mesangial 
involvement

Class VI—Advanced 
sclerotic LN

≥90% of glomeruli are globally sclerosed without residual activity
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	7.	 Thrombocytopenia
	8.	 Hypocomplementemia

The incidence of all maternal and fetal complications increases with degree of 
proteinuria and renal dysfunction and chances of successful pregnancy are negligi-
ble if the serum creatinine is >2.1 mg/dL [19].

Fig. 13.1  Light microscopy: various classes of lupus nephritis based on ISN/RPS (2003) classifi-
cation system
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13.3.3	 �Prepregnancy Checklist

The most important principle of managing pregnancy in a patient with LN is plan-
ning, in consultation with the family, the obstetrician, and the nephrologist who is 
treating the patient. This starts with effective contraceptive counselling in patients 
with active disease and preconception counselling in those with well-controlled dis-
ease on minimal immunosuppressants for at least 6 months.

13.3.3.1	 �Preconception Counselling
Once the decision regarding pregnancy has been taken a proper preconception 
counselling is essential. During this period, the nephrologist has to check about the 
type and degree of renal involvement and whether the patient is suited for preg-
nancy. The risks and outcomes (as summarized) associated with pregnancy in the 
presence of well-controlled LN need to be discussed with the patient and family.

13.3.3.2	 �Clinical Assessment
Detailed clinical history and physical examination, including blood pressure (BP), 
should be done to assess end-organ damage. There should not be clinically active 
disease for 6 months prior to conception.

13.3.3.3	 �Laboratory Assessment
Complete remission of LN should be documented for at least 6 months prior to 
conception.

	 1.	 Serum creatinine
	 2.	 Serum albumin
	 3.	 24-h urine protein and creatinine
	 4.	 Urinalysis for RBCs, WBCs, casts
	 5.	 Complement C3 and C4
	 6.	 Anti-dsDNA titers
	 7.	 Complete blood count
	 8.	 Liver function tests
	 9.	 Coagulation profile
	10.	 Antiphospholipid antibodies
	11.	 Anti-Ro and anti-La antibodies
	12.	 ECG+2D-echocardiogram (for patients with suspected pulmonary hypertension)

13.3.3.4	 �Medication Review
Cyclophosphamide, mycophenolate mofetil, methotrexate, and rituximab are con-
traindicated in pregnancy and these should be stopped at least 3 months before the 
conception. It is the manufacturer’s recommendation to conceive after at least 1 year 
of rituximab usage. Azathioprine (maximum 2  mg/kg/day), hydroxychloroquine 
(5 mg/kg/day), prednisolone (<20 mg/day), and calcineurin inhibitors (cyclosporine 
and tacrolimus) are usually safe for fetus. Prednisolone is degraded to inactive 
forms by the placental enzyme 11-beta-hydroxysteroid dehydrogenase 2, protecting 
the fetus from high levels of the drug. Similarly, antihypertensive drugs like 
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angiotensin-converting enzyme inhibitors and angiotensin receptor blockers should 
be stopped; consider stopping prior to conception with monitoring of proteinuria 
and BP in cases with mild proteinuria; if not, stop as soon as pregnancy is con-
firmed. Alternative antihypertensives such as amlodipine, nifedipine, labetalol, and 
methyldopa can be used safely. Statins are contraindicated during pregnancy. If a 
patient with prior LN in complete remission is not on any immunosuppressive 
agents or on low-dose steroids, prophylactically starting them or increasing the dose 
of steroids before or at conception is not advised, as it is not shown to prevent flares.

Case Vignette (Continued)  As our index case conformed with the above checklist, 
prepregnancy counselling was done. Antiphospholipid antibodies and anti-Ro/anti-La 
antibodies were negative. She was swapped to azathioprine (2 mg/kg/day) from MMF 
and prednisolone (5  mg/day) along with hydroxychloroquine was continued. 
Angiotensin receptor blocker (telmisartan) and statin (atorvastatin) were stopped. For 
BP control, amlodipine (10 mg/day) was added with which BP was well controlled 
and there was no increase in proteinuria. Folic acid and calcium supplements were 
started. She was monitored for 3 months after which she was advised to plan her preg-
nancy. After a period of 5 months, she was confirmed to be pregnant.

13.3.4	 �Antepartum Management

Regular and close antenatal follow-up by a multidisciplinary team consisting of an 
obstetrician, a rheumatologist, and a nephrologist is the state-of-the-art principle of 
managing LN during pregnancy. Clinical review by the team should be done at least 
monthly, which can be increased depending on the clinical activity or flare. At each 
visit, a urinalysis should be performed and the serum creatinine should be checked, 
while the blood counts, complement levels, anti-dsDNA levels, and liver function 
tests can be checked at three-monthly interval. Fetal ultrasonography is advisable 
from weeks 7 to 13 for pregnancy dating and monthly from week 16 for fetal anom-
aly screen and growth monitoring. In mothers with anti-Ro or anti-La antibodies, 
fetal echocardiography is recommended weekly from weeks 16 to 26 and biweekly 
thereafter [20]. Low-dose aspirin should be started in all women with LN as soon as 
pregnancy is confirmed. If the patient is already on warfarin for previous thrombosis 
or antiphospholipid syndrome (APS), she should be started on anticoagulation in 
the form of either unfractionated heparin or low-molecular-weight heparin as soon 
as pregnancy is confirmed or preferably before 6 weeks of gestation.

13.3.5	 �Differentiating LN Flare from Preeclampsia

Flare of LN can be nephrotic/proteinuric, nephritic, or nephrotic-nephritic type and 
can occur at any stage of pregnancy or puerperium [19]. A proteinuric flare is some-
times difficult to differentiate from preeclampsia, especially if it occurs after 20th 
week of gestation. Moreover, the two conditions may be superimposed. Some of the 
pointers which may favor disease activity are presence of low or falling complement 

13  Lupus Nephritis and Pregnancy



150

levels, elevated/increasing anti-dsDNA antibodies, presence of active sediments in 
urine, and other symptoms of flare like arthralgia and skin rash. Hypertension and 
thrombocytopenia can be seen in both. Elevation of serum uric acid and deranged 
liver function tests are unusual in LN flare and typically point towards preeclampsia 
[17, 20]. In doubtful cases, specially early gestations, and/or in cases with rapidly 
progressive renal failure, a renal biopsy would be useful to confirm the diagnosis 
and manage. Beyond 28–32 weeks of gestation (after confirming viability), delivery 
may be the most appropriate management if a patient has worsening hypertension 
with proteinuria and/or renal dysfunction. This will help in both preeclampsia and 
LN flare management [20].

13.3.6	 �Management of Lupus Nephritis Flare in Pregnancy

Management of renal flare is limited by the teratogenicity of most of the efficient 
immunosuppressant drugs. The possible options are increase in dose of oral steroids, 
intravenous methylprednisolone pulse steroid, addition/hike in dose of azathioprine, 
and/or calcineurin inhibitors. The best suitable option should be judged based on the 
severity of the flare. Intravenous immunoglobulin may be tried in refractory cases. 
Although cyclophosphamide is contraindicated in pregnancy, its use is justified in 
cases of rapidly progressive renal failure, neurological involvement, or any other 
life-threatening flare. Once the fetus becomes viable, delivery is the best step in the 
management of flare. Patients with proteinuria >3 g/day with serum albumin <3 g/
dL should be prescribed with thromboprophylaxis with unfractionated or low-
molecular-weight heparin during pregnancy [20]. In case of requirement of dialysis 
during pregnancy, the intensity and frequency should be at least 20 h/week and 6–7 
times/week, respectively, to target blood urea of <20 mmol/L.

13.3.7	 �Intrapartum Management

The labor in most cases is spontaneous and caesarean section is reserved for obstet-
rical indications only. If a patient was on a dose of >7.5  mg prednisolone for 
>2  weeks during antenatal period, parenteral steroids are mandated to cover the 
stress of labor and delivery, regardless of mode of delivery [19]. Anticoagulants 
should be stopped 6 h before delivery and then can be restarted.

13.3.8	 �Postpartum Management

Postpartum follow-up (monthly) is important as flares (after immune reconstitution) 
and thromboembolism can occur after delivery and until 6 months later. Breastfeeding 
should be promoted and all drugs which are safe during pregnancy can be given 
during breastfeeding too [17, 20].
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Case Vignette (Continued)  Our index patient with prior LN (which is well 
controlled) and hypertension controlled on single antihypertensive drug had 
come for her first antenatal visit. There were no additional risk factors such as 
thrombocytopenia, hypocomplementemia, high anti-dsDNA titers, or antiphos-
pholipid antibodies. Low-dose aspirin was started along with continuation of 
the drugs mentioned above. A multidisciplinary team approach for follow-up 
every month (with investigations) was planned. She continued her follow-up 
regularly and fetal growth was adequate at all visits. At 37 weeks of gestation, 
she went into spontaneous labor and delivered a healthy baby weighing 3 kg 
through vaginal route. Postpartum visits were uncomplicated; she was contin-
ued on azathioprine and low-dose prednisolone as maintenance therapy with 
hydroxychloroquine as adjunctive. She had breastfed exclusively for 6 months 
on the above drugs.

13.4	 �Conclusion

Though an increased maternal and neonatal morbidity as well as mortality are 
reported in pregnant LN patients, the outcomes can be optimized by careful selection 
of patients who are contemplating pregnancy, a planned pregnancy, and a careful 
management by a multidisciplinary team.
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14Pregnancy in Systemic Vasculitis

Puneet Mashru and Chetan Mukhtyar

Abstract 
Conception, pregnancy and childbirth are a biological necessity, a unique privi-
lege and birthright and yet something that mothers suffering with vasculitis can-
not take for granted. Takayasu arteritis and Behcet’s disease mainly, but also 
ANCA associated vasculitis and IgA vasculitis are of relevance in this popula-
tion. A diagnosis of systemic vasculitis has meant a lower chance of stable rela-
tionships, lower fertility, lower conception rates and worse foetal outcomes. 
Systemic vasculitis or it’s treatment may affect fertility by direct involvement of 
the reproductive organs, teratogenicity, induced infertility, or by producing a 
state inducing an inability of the maternal body to carry a foetus to term. 
Unfortunately, there is sometimes the need for medical termination. Pregnancy 
outcomes are poorer in women with a diagnosis of vasculitis, but this may be 
truer for women with Takayasu arteritis than Behcet’s disease. In spite of the 
many challenges in looking after expectant mothers with systemic vasculitis, we 
suggest some basic principles in this chapter to improve maternal and foetal 
outcomes. This is largely an evidence-free zone and this stream of medicine 
involving motherhood, babies and life-threatening rare diseases will remain 
emotive and therefore difficult, calling for the best that clinicians can offer.

Keywords
Systemic vasculitis · Pregnancy · Maternal outcomes · Foetal outcomes · Multi-
disciplinary team working
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14.1	 �Introduction

The systemic vasculitides are multisystem disorders characterised by inflammation 
of vessel wall that may lead to stenosis or aneurysm resulting in either ischaemic 
or haemorrhagic clinical manifestations. The clinical presentation depends upon 
the size of vessel involved. Small vessel diseases are most likely to cause organ-
specific manifestations, and large vessel diseases are most likely to cause constitu-
tional and ischaemic manifestations. For a full description of the classification of 
the vasculitides we would direct the reader to the 2012 Chapel Hill Consensus 
Conference nomenclature [1]. The clinical course can be variable in individuals but 
every single one of the entities is capable of inflicting severe organ damage very 
rapidly. The use of small-molecule conventional oral immunosuppressive drugs 
like cyclophosphamide and large-molecule parenteral biologic immunosuppres-
sive drugs has significantly improved survival in these conditions [2]. Remission is 
achievable in most patients with systemic vasculitis [3]; but the diseases (and the 
treatments) still manage to inflict irreversible damage [4] which adversely affects 
the quality of life [5].

Primary systemic vasculitis has a bimodal distribution of incidence. In this chap-
ter we will mainly focus on Takayasu arteritis (TAK) and Behcet’s disease (BD) 
which are more likely to affect young women of childbearing age, as compared to 
other vasculitides. IgA vasculitis and anti-neutrophil cytoplasm antibody-associated 
vasculitis (AAV) are the other vasculitides of interest in this population [6]. 
Secondary vasculitis as part of systemic lupus erythematosus is also a consideration 
in this patient group.

Pregnancy can be considered as a birthright as well as a privilege for women. 
Traditionally, the diagnosis of any autoimmune rheumatic disease, not just systemic 
vasculitis, meant lower chance of stable relationships, lower fertility, lower concep-
tion rates and worse foetal outcomes because of the disease as well as the toxic 
chemotherapy used to treat the conditions [7, 8]. Even now, these remain a major 
issue, but adequate planning and treatment can help maximise the potential for a 
successful foetomaternal outcome.

14.2	 �Immunological Changes in Pregnancy

During pregnancy, the female body undergoes several physiological changes—
increasing cardiac output, higher blood volume, tachycardia and decreased periph-
eral vascular resistance resulting in lower blood pressure are some examples. There 
are several immunological changes that also normally occur in pregnancy [9]. These 
changes are necessary for foetal survival, without which each pregnancy would end 
up with spontaneous abortion. After all, pregnancy is a state where the female body 
is learning to tolerate a 50% foreign tissue. There appears to be a fall in total T-cell 
numbers without a change in the numbers of helper/inducer T cells or suppressor/
cytotoxic T cells. There may even be an increase in T regulatory cells improving 
tolerance to ‘non-self’ antigens. There has been a demonstration of increased 
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potential of lymphocytes to respond to mitogenic activity in normal pregnancy, but 
this increased potential does not actually lead to a natural increase in activity sug-
gesting the presence of tolerance mechanisms [9].

So, how does the presence of allogeneic tissue in the uterus affect autoimmune 
diseases generally, and vasculitis specifically? The honest answer is that we do not 
know for certain. But there are some clues to the physiological mechanisms at play 
from studies in other autoimmune diseases. In a study of pregnant women with 
rheumatoid arthritis, women with greater HLA class II incompatibility with the 
foetus showed a greater tolerance to the disease, resulting in a better disease course 
after delivery [10]. This suggests that maternal immunology undergoes changes 
which may be commensurate to the amount of ‘non-self’ antigen exposure via foe-
tal tissue. How might this happen? There seems to be a basic shift in TH1/TH2 
cytokine balance in pregnant women which may happen to a greater extent in 
women with autoimmune rheumatic diseases. Placental and maternal hormonal 
changes in pregnancy lead to a Th2 shift in the prevalent cytokine profile and at the 
same time there may be an active downregulation of Th1 cytokines aiding in the 
amelioration of disease [11, 12]. While remaining pregnant is not a viable therapeu-
tic option, the recognition of these changes has certainly helped in understanding 
the immunology of rheumatic diseases and may even help with the development of 
therapeutic targets.

14.3	 �Effects of Systemic Vasculitis on Fertility

To understand the effect on fertility, we must first define infertility. By convention, 
infertility is defined as a failure to conceive after 1 year of regular, contraceptive-
free intercourse. It is thought that this is incident in about 10% of normal couples. 
Fertility is further defined by the ability to carry a foetus to term. Loss of 2–3 con-
secutive pregnancies is defined as recurrent pregnancy loss and a further 1% of 
couples suffer with this complication. Autoimmune rheumatic diseases are rare 
causes of infertility and recurrent pregnancy loss.

Systemic vasculitis may affect fertility in different ways.

14.3.1	 �Direct Involvement of Reproductive Organs

Systemic vasculitis can directly affect the ovary and testes. At presentation, these 
can mimic cancers leading to surgical intervention and resultant subfertility or infer-
tility [13, 14]. Even in patients where the disease is recognised, there may be enough 
damage to the parenchyma causing long-term subfertility or infertility. Testicular 
inflammation because of vasculitis can be reversed in most cases and very rarely 
would lead to testicular necrosis and infertility [15].
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14.3.2	 �Drug Toxicity via Teratogenicity

Cyclophosphamide is activated by cytochrome P-450 enzymes to produce its active 
metabolite phosphoramide mustard. Phosphoramide mustard disrupts DNA link-
ages in cell leading to apoptosis. At the most basic level, this is responsible for its 
chemotherapeutic and immunomodulatory effects. However, this is also highly tera-
togenic. Cyclophosphamide embryopathy commonly leads to neurological and 
skeletal deformities—craniofacial malformations, cleft palate, hydrocephaly, 
micrognathia, hearing defects, craniosynostosis, limb defects and digital defects, 
and vertebral fusions have all been described related to prenatal maternal cyclo-
phosphamide exposure [16].

14.3.3	 �Drug Toxicity via Induced Infertility

Prior treatment of vasculitis with cyclophosphamide in women results in a diminished 
ovarian reserve as demonstrated by a fall in anti-Müllerian hormone (AMH) levels 
[17]. AMH is a hormone produced by the granulosa cells of growing ovarian follicles 
that helps in maturation of oocytes. Falls in AMH effectively mean the loss of ovarian 
reserve. Since an older woman would have fewer viable oocytes compared to a 
younger woman, the effect of cyclophosphamide may be greater on an older ovary 
compared to a younger ovary. It may take a smaller cumulative dose of cyclophospha-
mide to render older women infertile [18]. Cyclophosphamide, leflunomide and meth-
otrexate are all thought to impair spermatogenesis—but this may be reversible [19]. 
The authors do not routinely offer cryopreservation of ova or sperm, but this remains 
a topic of discussion and should be offered if the expectant parents should want it with 
the full knowledge of the pitfalls and local success rates of these procedures.

14.3.4	 �Infertility via Inability to Carry Foetus to Term

A sick body is unable to bear the strains of carrying a foetus to term. In patients with 
a relapse of vasculitis during pregnancy, there is a risk of spontaneous abortion even 
with the use of only corticosteroid-heavy treatment [20]. Even in the absence of an 
overt relapse, there is a small but definite risk of miscarriage [21]. In one study of 
26 pregnancies in 10 women with Takayasu arteritis, 5 pregnancies (19%) had a 
spontaneous loss of pregnancy [22]. This is comparable to the results of a mixed 
cohort of pregnant women with vasculitis. Sangle et  al. found that 13/51 (25%) 
pregnancies resulted in a spontaneous abortion compared to 27/156 (17%) control 
pregnancies [23]. Anecdotally, outcomes are worse in Takayasu arteritis than in 
ANCA-associated vasculitis. Croft et al. studied 15 pregnancies in 13 women across 
5 centres in the UK resulting in 13 single births, 1 twin birth and 1 medical termina-
tion for an unplanned pregnancy [24]. At least in part this may be related to the 
presence of antiphospholipid antibodies in patients with Takayasu arteritis. Jordan 
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et al. found that 10/22 patients with Takayasu arteritis had persistent antiphospho-
lipid antibodies and when present it led to worse pregnancy outcomes [25].

14.3.5	 �Need for Medical Termination Due to Danger to Maternal/
Foetal Health

Oral contraception is associated with a higher risk of venous thromboembolism 
and this is exacerbated by the presence of vasculitis. Not uncommonly, there is a 
greater reliance on other forms of contraception in couples where the female 
partner is suffering from vasculitis. This leads to an increased risk of accidental 
pregnancy and thus a greater risk of exposure to teratogenic drugs and thus at 
least a theoretically increased risk for the need for medical termination of preg-
nancy due to foetal exposure to teratogenic drugs. Cardiac failure, pulmonary 
hypertension and eclampsia are all recognised complications for women with 
heart and/or renal involvement. The maternal body may not be able to bear the 
physiological increase in blood volume and cardiac output leading to the need for 
medical termination.

14.4	 �Prenatal and Antenatal Care

We suggest the following principles for planning and caring for pregnant women 
with vasculitis:

	1.	 Women of childbearing age with vasculitis should be looked after at centres 
where multidisciplinary care is available. This should include clinicians with an 
interest in vasculitis, obstetricians with experience of looking after women with 
complex medical problems and nursing or midwifery input from a practitioner 
with experience of caring for pregnancies with comorbidities [24].

	2.	 Pregnancy should only be planned when the disease is in remission. However, 
women with severe damage—congestive cardiac failure, end-stage renal dis-
ease, poor respiratory reserve, refractory hypertension, pulmonary hyperten-
sion, etc.—should be informed of the risk to their life and adverse foetal 
outcomes at the planning stage.

	3.	 All teratogenic drugs should be stopped about 3 months prior to planned concep-
tion. Detailed guidance on drug avoidance is available from the British Society 
for Rheumatology [26]. Azathioprine, hydroxychloroquine, prednisolone and 
intravenous immunoglobulin are safe in pregnancy.

	4.	 Preconception assessment should include general health assessment, vaccina-
tion, smoking and alcohol intake status and looking for risk factors like diabetes, 
arterial hypertension, obesity and thyroid disease.

	5.	 Post-conception care must include more than usual monitoring for mother and 
foetus. Vigilance should be exercised in the mother for disease relapse, pre-
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eclampsia and gestational diabetes, and in the foetus for intrauterine growth and 
congenital malformations.

	6.	 When possible, labour must be planned electively. During labour, careful atten-
tion should be paid to blood pressure control. There should have been prior dis-
cussion and planning about the need for instrumentation and caesarean section 
with a documented plan for surgical conversion.

14.5	 �Pregnancy Outcomes

In general, the presence of vasculitis is a bad influence on pregnancy outcomes. 
Women with vasculitis have more pregnancy-related complications. A British 
cohort compared outcomes of 51 pregnancies in 29 women suffering from sys-
temic vasculitis to 156 pregnancies in 62 age, body mass index and ethnicity-
matched healthy controls [23]. Of 51 pregnancies, the mothers with vasculitis 
suffered 13 miscarriages, 3 had pre-eclampsia and 2 had intrauterine death. This 
was significantly worse to the outcomes of the 156 control pregnancies where 20 
mothers had 27 miscarriages, 1 had pre-eclampsia and 1 had antepartum haemor-
rhage. Mothers with vasculitis delivered at a median gestational age of 36 weeks 
compared with 40 weeks for control (P < 0.03). The babies of the affected mothers 
were 0.5 kg lower in birth weight (3.0 kg vs. 3.5 kg). Similarly, poor outcomes 
were demonstrated in a prospective Italian cohort of 65 pregnancies in 50 mothers 
with systemic vasculitides—higher risk of preterm deliveries and higher risk of 
intervention in the form of caesarean sections were seen.

Having said that the presence of vasculitis produces adverse outcomes, this is not 
universally true and does depend on the nature of the vasculitis, all other things 
remaining equal. If we consider the two important vasculitides affecting women of 
childbearing age group—Takayasu arteritis and Behcet’s disease—we get slightly 
different results. There is Indian data available for pregnancy outcomes in Takayasu 
arteritis. In a case-control study, Mandal et al. described 16 patients with TA who 
had 29 pregnancies and compared outcomes to 60 controls [27]. Maternal complica-
tions were significantly more compared to the control group. Twenty pregnancies 
were delivered by C-section (71%). Maternal complications included preterm 
labour (17% vs. 3%; P < 0.001), post-partum haemorrhage (17% vs. 2%; P < 0.001), 
pregnancy-induced hypertension (100% vs. 2%; P < 0.001) and pre-eclampsia (93% 
vs. 0%; P < 0.001). There were 26 live births with a risk of increased intrauterine 
growth restriction (IUGR) (52% vs. 2%; P < 0.001) and more neonates required 
intensive care (59% vs. 5%; P < 0.001). One maternal death was reported due to 
cerebrovascular accident. In a larger French cohort of 96 mothers who had 240 
pregnancies, maternal outcomes were observed depending on whether the diagnosis 
preceded pregnancy or was diagnosed concurrently to pregnancy. 98 pregnancies in 
52 women were compared with mothers who were diagnosed before pregnancy 
(142 pregnancies in 52 women) [28]. It was noted that in women with concomitant 
diagnosis of TA there was a 13-fold increased risk of obstetric complications with 
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40% frequency of obstetric complications including intrauterine foetal growth 
restriction, foetal death, pre-eclampsia/eclampsia and premature delivery.

If mothers with Takayasu arteritis seem to do so badly, the mothers with Behcet’s 
disease do not seem to be affected in a systematic review of literature of 11 case 
series and 21 case reports [29]. In fact, the condition may even improve during 
pregnancy, perhaps for the reasons described earlier in the chapter. In a French 
study of 76 pregnancies in women with Behcet’s disease, it was seen that the mean 
(standard deviation) annual relapse rate was 0.49 (0.72) during pregnancy com-
pared to 1.46 (2.42) during nonobstetric period [30]. This difference in outcomes 
from Takayasu arteritis may be related to the fact that Takayasu arteritis is gener-
ally associated with a greater burden of damage, especially cardiovascular. This 
may be why mothers with Behcet’s disease who have a history of deep venous 
thrombosis have a higher risk of obstetric complications (odds ratio 7.25, 95% 
confidence interval 1.21–43.46, P = 0.029). The use of colchicine is likely to be 
protective in preventing relapse of venous thromboembolism and improving dis-
ease activity during pregnancy.

14.6	 �Effects of Pregnancy on Systemic Vasculitis 
and Pharmacotherapy

Pregnancy does not seem to adversely affect the disease course of systemic vasculitis. 
There is evidence to suggest that Behcet’s disease improves in pregnancy [30]. This is 
in spite of reduction of immunosuppression. As discussed earlier in the chapter, this 
may be because of a true amelioration of disease mechanisms. However, pregnancy 
brings unique challenges pertaining to differential diagnosis between relapse and 
complications of pregnancy. Is the hypertension and proteinuria related to vasculitis or 
pre-eclampsia? That can be challenging. Thus, it is important to have a multidisci-
plinary approach for the care of these patients with a vasculitis expert and an obstetri-
cian experienced in managing complex cases. Managing relapses during pregnancy 
poses a challenge, as most conventional immunosuppressive agents cannot be used. 
Increased doses of corticosteroids are often used in these situations but that is not 
enough in most cases and other agents are required [31]. The British Society of 
Rheumatology 2016 guidelines have described in detail regarding the drugs that can 
be used in pregnancy and lactation [26]. They are briefly discussed below:

•	 Corticosteroids: Prednisolone and methylprednisolone are compatible in all tri-
mesters of pregnancy and breastfeeding. Use of corticosteroids may increase the 
risk of IUGR.  Mothers with hypertension, kidney disease and fluid retention 
should be monitored carefully. Babies of mothers on large doses of prednisolone 
should be monitored for adrenal suppression.

•	 Methotrexate, leflunomide and mycophenolate mofetil are contraindicated dur-
ing pregnancy and breastfeeding.

•	 Cyclophosphamide is also contraindicated in pregnancy and breastfeeding due to 
toxicity to foetus. There may not be a choice to its use when a relapse is organ or 
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life threatening and if rituximab is not indicated or available. There is some anec-
dotal use in pregnancy [32].

•	 Rituximab has been used successfully in pregnancy [33]. Accidental exposure in 
first trimester is unlikely to be harmful but if used in second and third trimesters 
can lead to B-cell depletion in the neonate and thus appropriate vaccination pre-
cautions would be needed.

•	 TNFα inhibitors are safe drugs in pregnancy [34]. Certolizumab pegol is safest 
because the size of the molecule prevents it from crossing the placenta, but it is 
not currently available in India. Infliximab after 16  weeks of pregnancy and 
adalimumab and etanercept in the third trimester should be avoided but if these 
are necessary it will affect vaccination schedules for the baby. TNFα inhibitors 
are compatible with breastfeeding.

•	 Intravenous immunoglobulin is safe in pregnancy. It can be used in relapsing and 
grumbling disease where clinically appropriate [35]. It cannot replace the use of 
rituximab and cyclophosphamide in life-threatening situations like alveolar 
haemorrhage and rapidly progressive glomerular nephritis.

•	 Azathioprine is safe in pregnancy and breastfeeding and potentially could be 
switched too at the stage of conception planning.

•	 Plasma exchange can sometimes be a safe effective way to tide over a crisis in 
vasculitides which are mediated by humoral immunity and where there are high 
titres of antibodies.

14.7	 �Conclusions

Conception, pregnancy and childbirth are a biological necessity, a unique privilege 
and birthright and yet something that mothers suffering from vasculitis cannot take 
for granted without the help of multidisciplinary input. In spite of being something 
that is responsible for the existence of a species, it is an incompletely understood 
immunological entity. There is a true amelioration of pro-inflammatory processes 
without which every pregnancy might end in spontaneous abortion. This ameliora-
tion results in a short-lived ceasefire of hostilities between the vasculitis and the 
maternal physiology. However, outcomes may remain poor in mothers who have 
already suffered damage, especially irreversible cardiovascular damage.

There is a great need for multidisciplinary clinics which can provide a point of 
entry for expectant mothers with vasculitis. Early input in the form of conception 
planning, choice of medication, antenatal monitoring, modification of risk factors 
and dedicated multidisciplinary input can improve outcomes. Unfortunately, some 
expectant mothers with major pulmonary, cardiovascular or renal involvement may 
have to be counselled against pregnancy for the well-being of not only them, but 
also the planned child. Relapses in pregnancy can be difficult to diagnose. When 
they occur, corticosteroids will form the mainstay of treatment, but drugs like aza-
thioprine, anti-TNFα, intravenous immunoglobulins and if absolutely necessary 
even cyclophosphamide or rituximab can be used.
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We are never going to get high-quality data for pregnancy outcomes in mothers 
with vasculitis. The disease is rare and the ethical considerations for designing studies 
in this group of patients are many. But that should not stop us from considering the 
production of registries that are mandated. In a large country like India with several 
research-active institutes, this data can be easily produced with a spirit of collabora-
tion and research. But no matter how much research is done in this area, this stream of 
medicine involving motherhood, babies and life-threatening rare diseases will remain 
emotive and therefore difficult, calling for the best that clinicians can offer.
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Abstract 
Anti-phospholipid syndrome (APS) is a systemic autoimmune disease resulting 
in vascular thrombosis and pregnancy morbidity affecting both mother and foe-
tus. In obstetric APS, the aim of management is ensuring adequate anticoagula-
tion and maternal and foetal well-being through regular monitoring. Perinatal 
counseling is important to reassure the couple that a good outcome is possible 
through proper monitoring and regular follow up with both the rheumatology 
and obstetric teams. In the case of vascular APS, the switch to heparin needs to 
be done as soon as pregnancy is detected, whereas, in obstetric APS, heparin 
needs to be started at this time. The dose of heparin is different in the case of 
vascular APS patients getting pregnant compared to only obstetric APS. Low-
dose aspirin is generally added to both regimens. In the post-partum period, 
heparin is continued till 6 weeks and then discontinued in obstetric APS. In con-
trast, in vascular APS, reinitiation of vitamin K oral antagonist should be done as 
this is safe in lactation.

Keywords
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15.1	 �Introduction

Anti-phospholipid syndrome (APS) is a systemic autoimmune disease resulting in 
vascular thrombosis and pregnancy morbidity affecting both mother and foetus. 
There are broadly two phenotypes or clinical subsets in this entity with different 
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clinical courses and outcomes—obstetric APS and thrombotic APS [1, 2]. These are 
defined using classification criteria—the latest being the Sydney APS classification 
criteria of 2006 [3]. In addition, a third group, namely patients with non-criteria 
manifestations and positive APLA, is often added to the above two groups 
(Fig. 15.1).

Like other autoimmune diseases, APS also requires two elements for its diagno-
sis—autoantibodies (antiphospholipid antibodies or APLA) and clinical features 
(thrombotic or obstetric events). An additional requirement (in addition to other 
autoimmune diseases) is the demonstration of persistence of autoantibodies—by a 
repeat test at least 12 weeks later. It is important to reiterate that mere presence of 
autoantibodies (even if persistent) is not sufficient to classify a patient as having 
APS.

The detection of APLA is not uncommon in healthy volunteers; in one study, 
among healthy blood donors, 10% were found to be positive for anticardiolipin 
antibodies (aCL) and 1% for lupus anticoagulant (LA). However, only 1% remain 
persistently positive for the same after 1 year. On the other hand 20–30% of lupus 
patients, 6% women with pregnancy complications, 10% with venous thrombosis, 
11% with a myocardial infraction, and 17% with young stroke (<50 years) are posi-
tive for APLA (Fig. 15.2) [4].

There is a female preponderance for this disease (5:1) and it usually affects 
middle-aged people (average age in the Europhospholipid cohort was 34 years). 
These factors carry a huge connotation as this is the group likely to have a preg-
nancy. Thus, the management of this disease in pregnancy is crucial to a successful 
outcome and minimisation of risk to the mother and the foetus.

Fig. 15.1  Classification of antiphospholipid syndrome
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15.2	 �When Should APLA Testing Be Done for a Lady in or 
Before Pregnancy?

General screening for APLA antibody is discouraged. According to Scientific and 
Standardization Subcommittee of the International Society of Thrombosis and 
Haemostasis (SSC-ISHT) guideline, APS antibody testing should be carried out in 
a subject with unprovoked venous or arterial thrombosis, thrombosis at an unusual 
site and pregnancy complications [5]. Pregnancy complications are defined by cri-
teria manifestations, which include one or more unexplained foetal death at or 
>10 weeks’ gestation; one or more premature birth at or <34 weeks of gestations 
due to severe pre-eclampsia, eclampsia, severe placental insufficiency; or three or 
more unexplained consecutive spontaneous abortions at or <10 weeks of gestations. 
Women have extra-criterial obstetrical clinical manifestations like late pre-eclamp-
sia (>34 weeks), late premature birth, placental abruption, three non-consecutive 
miscarriages, two unexplained miscarriages and two or more unexplained in vitro 
fertilisation failures [6] that may also be considered for testing according to the 
physician’s discretion. All women who have diagnosed with a case of lupus should 
undergo APLA testing at the time of planning for pregnancy, due to its prognostic 
value. Specifically, these patients would be more prone for pre-eclampsia and 
IUGR, and thus closer foetal and maternal monitoring during pregnancy.

Fig. 15.2  Prevalence of APLA in various situations
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15.3	 �Management of Antiphospholipid Syndrome or APLA 
Positivity in Pregnancy

The aims of management are ensuring adequate anticoagulation (as per the classifi-
cation—obstetric or thrombotic APS), and maternal well-being and foetal well-
being through monitoring (Fig.  15.3). The former is mainly handled by the 
rheumatologist/physician, the latter is handled by the obstetrician and the middle 
one is shared between the two doctors.

We will discuss the management under five headings:

	1.	 Pre-pregnancy management
	2.	 Risk stratification and general measures during pregnancy
	3.	 Management of APS in pregnancy
	4.	 Refractory APS in pregnancy
	5.	 Management during delivery
	6.	 Management in the post-partum period

15.3.1	 �Pre-pregnancy Management

This consists of having a conversation with the patient and her spouse. It is important 
to let them know that even with anticoagulation the chance of having a successful 
pregnancy is 70–80%. It is also important to let them know the risks of anticoagula-
tion, in terms of bleeding events that can occur at 1–3% per year. If the lady is already 
on vitamin K antagonists (warfarin, acenocoumarol), she needs to be informed that 
she needs to switch to heparin as soon as the pregnancy is detected. She needs to go 
for a planned pregnancy and keep a strict vigil, in terms of her menstrual cycles and 

Fig. 15.3  Broad aims of management of an APS pregnancy
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should get a urine pregnancy test in case she gets pregnant. This will enable minimal 
exposure of the embryo to vitamin K antagonists which are teratogenic.

This is also a good time to let them know the measures they can start taking right 
away. They can start low-dose aspirin if they are trying for a baby. Also, the lady 
needs to get her regular check-up done and meet an obstetrician for a planned preg-
nancy and correction of any other factors that may impair a successful pregnancy 
(anaemia, thyroid status, hypertension, diabetes, etc.).

15.3.2	 �Risk Stratification and General Measures

Women with diagnosed ‘obstetric APS’ should undergo pre-pregnancy counselling 
for risk assessment, and evaluation for the presence of ‘APS non-criteria manifesta-
tions’ [7], other associated connective tissue disorders, any major organ involvement, 
other comorbidities, lifestyle risk factors like smoking and alcohol, and medications 
that can affect foetal growth and development. Risk factors like multiple previous 
pregnancy loss, thrombotic APS, concomitant lupus, hypocomplementemia at the 
time of conception, LA positivity and triple positivity are associated with adverse 
pregnancy outcome. The global APS score (GAPSS) [8] is a composite score that may 
be used to predict the risk of thrombosis (first/recurrent) and pregnancy morbidity.

A close follow-up preferably with a monthly visit and additional third-trimester 
ultrasonographic surveillance (monthly from third trimester onwards) is recom-
mended for the early detection of growth retardation and planning for delivery [7]. 
Blood pressure and 24-h urinary protein should be monitored regularly in patients 
with renal involvement.

All patients should be on folic acid, preferably 3 months before the conception, 
along with calcium and vitamin D supplementation. During puerperium, early 
mobilisation should be encouraged along with compressive stockings if any history 
of thrombosis is present.

15.3.3	 �Management of APS in Pregnancy [1, 9, 10] (Table 15.1)

This can be divided into four categories, as follows:

	(a)	 Fulfilling criteria for obstetric APS
The current standard of care is prophylactic dose of unfractionated heparin 

(UFH) or low-molecular-weight heparin (LMWH) along with low-dose aspirin 
(LDA) (75–100 mg/day). LDA may be started before pregnancy and LMWH/
UFH at the time of confirmation of pregnancy. A platelet count should be done 
before starting any kind of therapy—in mild thrombocytopenia (>50 × 109) with 
no other risk factors for bleeding anti-thrombotic therapy can be continued (after 
risk-benefit assessment), but if the platelets are lower than 50 × 109, usually any 
kind of anti-platelet therapy or heparin is avoided. Baseline coagulation tests 
should be done to assess any prior abnormality (which may have a bleeding risk).
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LMWH has certain advantages over UFH; namely single daily dose, less 
chance of heparin-induced thrombocytopenia and reduced risk of osteoporosis. 
However, UFH is markedly cheaper (ten times lower cost), and needs to be 
given twice a day, without any monitoring (Table 15.2). If LMWH is used, it 
must be shifted to UFH 1 week prior to delivery, and aspirin must be stopped. 
UFH is generally stopped for 12 h before and after delivery.

	(b)	 Fulfilling criteria for thrombotic APS
Patients with ‘thrombotic APS’ usually get pregnant while on secondary 

thromboprophylaxis with oral vitamin K antagonist (example: warfarin, aceno-

Table 15.2  Usual doses of anticoagulation used before or during pregnancy

Agent used Dosing
Heparin prophylactic 
dose

UFHa = 5000 units SC BD
Enoxaparinb 1 mg/kg SC OD or 0.5 mg SC BD

Heparin full dose 
(therapeutic dose)

UFH = 500 U/kg/day in two doses SC BD → titrate to keep APTT 
1.5–2× (60–90 s); usually start at 10,000 SC BD or 12,500 SC BD
Enoxaparin 1 mg/kg SC BD

Low-dose aspirin 75–100 mg/day
Warfarinc Start at 5 mg OD, repeat INR after 2–3 days and 7 days, keep INR 

2–3
aUnfractionated heparin usually comes in strengths of 5000 or 10,000 U/mL (preferred) or 1000 U/
mL; store in refrigerator
bPre-filled syringes, usually come in 0.4 mL (40 mg) or 0.6 mL (60 mg) dose
cTeratogenic in first trimester

Table 15.1  Treatment for various scenarios of APS in pregnancy

Pre-pregnancy Pregnancy Time of delivery Post-partum
Obstetric 
APS

Add low-dose aspirin Start heparin 
prophylactic 
dose plus 
low-dose 
aspirin

Shift to 
unfractionated 
heparin from 36 
to 37 weeks, stop 
aspirina

Restart heparin 
12 h after 
delivery, till 
6–12 weeks 
post-partum; 
breastfeeds

Thrombotic 
APS

Continue on warfarin, 
vigilant for pregnancy

Shift to 
heparin 
therapeutic 
dose plus 
low-dose 
aspirin

Shift to 
unfractionated 
heparin from 36 
to 37 weeks, stop 
aspirina

Restart 
warfarin 
(overlap with 
heparin), can 
breastfeed

SLE with 
APS

Continue on 
hydroxychloroquine; 
rest as per above

Same Same Same

Not fulfilling 
criteria but 
APLA 
positive

Reassurance, may 
consider low-dose 
aspirin in high-risk 
profile

Consider 
low-dose 
aspirin

Stop aspirin 
1–2 weeks 
before

–

aMay not stop aspirin as per a recent American college of obstetricians and gynecologists committe 
opinion
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coumarol). It is important to counsel the patients regarding a planned pregnancy 
to get a urine pregnancy test done at the earliest to avoid prolonged exposure to 
VKA to the foetus. Generally, in most cases, switching before pregnancy is not 
feasible as this increases cost and puts the lady at a higher risk of bleeding for 
an uncertain duration of time before she conceives.

It is important to discontinue vitamin K antagonist (VKA) (example: warfa-
rin, acenocoumarol) once the pregnancy is confirmed and shift to a therapeutic 
dose of LMWH or UFH to avoid foetal warfarin syndrome. Its main teratogenic 
effects are during the period of organogenesis (6th–12th weeks of gestations). 
The preferred agent is low-molecular-weight heparin (for reasons above), which 
must be given as per the weight of the patient (enoxaparin 1 mg/kg/day BD or 
dalteparin) with low-dose aspirin 75–100 mg/day (Table 15.2). A platelet count 
should be done before starting any kind of therapy—in mild thrombocytopenia 
(>50 × 109) with no other risk factors for bleeding anti-thrombotic therapy can 
be continued (after risk-benefit assessment), but if the platelets are lower than 
50  ×  109, usually any kind of anti-platelet therapy or heparin is avoided. 
However, no monitoring is recommended with LMWH.

However, as this treatment has to be given for 9 months, there is a substantial 
cost involved in LMWH (daily cost approximately INR 500–1000, monthly 
cost approximately INR 15–30,000). As compared to this, UFH is at least ten 
times less expensive. The usual therapeutic dose of UFH is 500 units/kg/day, 
approximately 30,000 units for a 60 kg woman. However, generally it can be 
started at 20–25,000 units/day and then titrated upwards. This should be given 
by subcutaneous route in two divided doses. In this case, the aPTT needs to be 
monitored to keep it at 60–90 s (control 40 s or 1.5–2× control). Furthermore, 
considering the high dose, heparin with a higher concentration (5000–10,000 
units/mL) and not lower concentration (1000 units/mL) needs to be used to 
keep the subcutaneous injection to be feasible.

In case LMWH is used, it must be shifted to UFH a few days before delivery, 
and UFH must be withheld 12 h before and after delivery, especially if any 
spinal anaesthesia is to be given. Another option when financial and logistic 
issues preclude the use of heparin is to reinstitute oral vitamin K antagonist 
(VKA) (example: warfarin, acenocoumarol) from 13th week to 36th week. 
However, this requires regular monitoring of INR to reach a therapeutic dose, 
which may be different from the dose used before pregnancy.

	(c)	 APS associated with lupus
Treatment of APS in a patient with lupus warrants the addition (or continua-

tion) of hydroxychloroquine (5–6 mg/kg/day) to the management as per above.
	(d)	 Anti-phospholipid antibody (APLA) carrier/not fulfilling criteria for obstetric 

APS
Treatment of APLA carrier or those who are not fulfilling the criteria depends on 

baseline risk stratification. Women with a high-risk profile can be managed with 
addition of LDA.
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15.3.4	 �Refractory Obstetric APS

Despite treatment, there is a failure to a successful pregnancy in 20–30% cases. 
There is no specific guideline for the treatment of refractory obstetric APS. There is 
no standard evidence-based therapy. The first option should be a strictly controlled 
anticoagulation (at a higher intensity than used in previous pregnancies).

Experimental off-label drugs may be considered in rare cases, not responding to 
standard anticoagulation, and other factors have been ruled out—however, their 
benefit-risks must be considered carefully. Corticosteroids have been used, with a 
caveat that their use has been associated with poor pregnancy outcomes in ran-
domised controlled studies. IVIG (400 mg/kg/day for 5 consecutive days or 1 g/kg/
day for 2 consecutive days) or plasmapheresis (3–5 consecutive days) has also been 
tried. Hydroxychloroquine (5–6 mg/kg/day), pravastatin (20 mg/day) and certoli-
zumab pegol have shown benefits in initial trials.

15.3.5	 �Antithrombotic Therapy During Delivery

Management of anti-platelets and anticoagulation is an essential component of peri-
partum management. The time (period of gestation) when low-dose aspirin should 
be stopped is controversial and depends on anaesthesiologist experience and hospi-
tal protocol. LMWH should be switched to UFH at 36–37 weeks, which should be 
stopped 12 h before the elective induction of labour, spinal anaesthesia or caesarean 
section. Heparin can be restarted as soon as possible after delivery, in consultation 
with the obstetrician, generally around 12 h.

15.3.6	 �Management During the Post-partum Period

	(a)	 Management of mother: During the post-partum period the same treatment 
should be continued as during pregnancy for another 4–6 weeks. Those patients 
with thrombotic APS (previous thrombosis) may either continue therapeutic 
dose of LMWH or be shifted to VKA, which is equally safe during 
breastfeeding.

	(b)	 Management of foetus: Children born to the APS mother can have IgG isotype 
antibody positivity due to transplacental transfer. aCL usually disappears by 
12 months, but beta-2 GPI may be persistently positive without any clinical 
significance. Though children born to the APS mother have normal physical 
growth and intelligence they may require special attention regarding neurologi-
cal development and extra learning support.
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15.4	 �Some Case Scenarios Normally Encountered

Scenario 1
Pregnant for first time with SLE and positive APLA

Mrs. N, 25-year-old lady who got married 1 year ago, is planning on getting 
pregnant. She has a past history of systemic lupus erythematosus since the past 
3 years, mainly involving the skin and joints in the form of malar rash, photosensi-
tivity and arthritis. She is doing well on low-dose prednisolone and hydroxychloro-
quine since the past 2 years. She is concerned that her APLA workup revealed a 
persistently high anticardiolipin IgG (30 and 45 GPL, respectively, 12 weeks apart). 
She has never had any vascular event. What is the appropriate treatment?

The appropriate treatment in this case is reassurance. The patient must be reas-
sured that antiphospholipid antibodies are present in up to 40% of patients with 
systemic lupus erythematosus but only in 5–10% do these patients develop antiphos-
pholipid syndrome. In addition, the presence of these antibodies is associated with 
a higher risk of pre-eclampsia, IUGR and immaturity on a population basis; how-
ever, in a single patient (and in a majority of cases), they do not lead to any prob-
lems. There is no strong evidence for any therapy. However, low-dose aspirin may 
be added after getting her baseline platelet count done. If a decision is taken to start 
this, it would need to be stopped in case of any bleeding and in third trimester. 
However, the American college of obstetricians and gynecologists in a committe 
opinion opined that low dose aspirin does not need to be discontinued as it does not 
lead to excessive bleeding during delivery.

Scenario 2
Pregnant for second time with previous one abortion at 7 weeks and positive APLA

Mrs. P, a 27-year-old lady who got married 3 years ago, is pregnant for the sec-
ond time. In her first pregnancy she had a spontaneous abortion at 7 weeks and is 
anxious about her current pregnancy. She was tested elsewhere and had a positive 
anti-B2 GP1 antibody (40 units). She has never been ill before.  What will you 
advise her?

The appropriate treatment will be reassurance. First-trimester abortions are very 
common (30% of all pregnancies) and occur due to a variety of causes. At this stage 
it is the best for her to not worry about her ‘positive antibodies’ and focus on being 
positive. A repeat testing for APLA is also not warranted as if positive (persistent 
positive) still no therapy is warranted. Obviously, if positive again, it will add to the 
mental agony of the patient!

Scenario 3
Pregnant with many previous abortions and APLA positive

Mrs. A, a 30-year-old lady, has a significant history of multiple first-trimester 
abortions. She is referred for a rheumatology opinion—and on testing for APLA—
is found to be triple positive—LAC, beta-2 GPI and ACL.  On repeat testing 
12 weeks later, LAC and ACL are persistently positive. What is her management?
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This lady fulfils the obstetric criteria for obstetric APS. As she is trying to con-
ceive, she can be started on low-dose aspirin at 75–100  mg/day (after a platelet 
count). She should be started on heparin as soon as her pregnancy gets confirmed. 
This may be in the form of low-molecular-weight heparin once a day (1 mg/kg of 
enoxaparin) or unfractionated heparin (much cheaper) at 5000 U subcutaneously 
twice a day. She is advised that this treatment needs to be continued throughout 
pregnancy and till 6–12 weeks post-partum. There is no need for any testing, apart 
from a baseline platelet count and repeat after 6 weeks on starting heparin. Her 
obstetrician and rheumatologist need to discuss and decide the best time to switch 
to UFH (if on LMWH)—generally 1 week before delivery or 36 weeks, and stop-
ping aspirin around the same time. UFH needs to be started post-delivery and she 
can breastfeed on it.

Scenario 4
Vascular APS getting pregnant

Ms. Z, a 25-year-old  lady with deep venous thrombosis 1 year ago, who was 
found to be anticardiolipin antibody positive twice, is planning to get pregnant. She 
is on warfarin. Her obstetrician has sent to the rheumatologist to advise on further 
management. What is the plan we draw up?

This lady will require full-dose anticoagulation during pregnancy. As warfarin is 
teratogenic, it must be stopped at the time she is detected pregnant and shifted to 
full-dose heparin. She is counselled that she should have a planned pregnancy and 
be vigilant about her menstrual cycle, so that she can detect any delay in menstrua-
tion and get a urine pregnancy test done at the earliest to avoid prolonged foetal 
exposure to warfarin.

One she gets pregnant, she is advised to shift to low-molecular-weight heparin 
(1 mg/kg twice a day of enoxaparin) or unfractionated heparin (10–15,000 units 
twice a day, inexpensive, more painful due to higher volume, testing required). If 
she goes for the latter she needs to keep her APTT between 60 and 90 s (usual con-
trol 40 s). This will entail testing the same repeatedly and adjusting the dose appro-
priately. Generally the APTT should be done 6 h after the subcutaneous injection.

15.5	 �Miscellaneous Issues

Some issues not discussed in this chapter will get a brief mention here. Newer anti-
coagulants like direct thrombin inhibitors and direct-Xa inhibitors namely dabiga-
tran, rivaroxaban, etc. have been introduced recently and have a major advantage of 
not requiring to be titrated as per prothrombin time and INR (compared to vitamin 
K antagonists like warfarin). However, their role in APLA is not yet clear, specifi-
cally in obstetric APS. Many of them could be teratogenic. Another issue is cata-
strophic APS. Catastrophic APS is an accelerated form of this disease which occurs 
in 1% and is often precipitated by an infection or sudden cessation of anticoagula-
tion in known APS patients. It presents with multi-organ dysfunction and should be 
considered as a differential with septicaemia, TTP, HELLP, etc. It is characterised 
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by mild thrombocytopenia and microangiopathic haemolytic anaemia and micro-
vascular thrombosis in multiple organs (by definition in at least three in a single 
week). Its treatment involves both anticoagulation and immunosuppressive, namely 
pulse steroids.

15.6	 �Conclusions

Antiphospholipid syndrome is an intriguing disorder, ranging from thrombotic 
manifestations to obstetric manifestations. Testing in those not fulfilling clinical 
criteria for APS is not recommended as it does not change therapy if positive, but 
adds to the mental agony of a patient. It is important to realise that although the 
treatment of both obstetric and thrombotic APLA will include low-dose aspirin, the 
dose of heparin used will be markedly different—prophylactic dose in the former to 
full dose in the latter.

Although low-molecular-weight heparin is the most convenient (and probably 
safest) option, it is markedly expensive and thus UFH (at least ten times cheaper) is 
often used in developing countries for financial reasons. UFH is very convenient 
when used at prophylactic doses; however, it requires monitoring at therapeutic 
doses. It is important to make adjustments in the type of heparin and aspirin 1 week 
prior to planned delivery. At delivery, UFH is generally stopped 12 h before and 
resumed 12 h later. It should be continued for 6–12 weeks post-partum in obstetric 
APS and changed to warfarin in thrombotic APS.
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16Managing Pregnancy in Systemic 
Sclerosis
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Abstract
In the past it was encouraged that systemic sclerosis patients didn’t get pregnant 
due to higher risk of poor maternal and fetal outcomes. However, now if we plan 
pregnancy when the disease is quiescent, under close monitoring and appropriate 
therapy we are likely to get successful pregnancy. It is encouraged to plan preg-
nancy when the disease is quiescent. The physical Investigations that need to be 
done prior to getting pregnant are:

Blood pressure measurement
Kidney function tests
Autoantibody tests
Echocardiography (heart scan)
Lung function tests

Generally scleroderma does not worsen during pregnancy, but the most dreaded 
complication is scleroderma renal crisis. Even though ACE inhibitors are associ-
ated with increased risk of congenital malformations, they are recommended 
during pregnancy in scleroderma. So for all patients who become pregnant close 
monitoring for cardiopulmonary complications and renal crisis should be done. 
It is best to adopt a multidisciplinary approach for such patients.
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In the past it was encouraged that scleroderma patients do not become pregnant due 
to higher risk of poor maternal and foetal outcomes. However, now if we plan 
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pregnancy when the disease is quiescent, under close monitoring and appropriate 
therapy we are likely to get a successful pregnancy. The most dreaded maternal 
complication of scleroderma is renal crisis. Even though ACE inhibitors are associ-
ated with increased risk of congenital malformations, they are recommended during 
pregnancy in scleroderma. So for all patients who become pregnant close monitor-
ing for cardiopulmonary complications and renal crisis should be done. It is best to 
adopt a multidisciplinary approach for such patients.

This chapter discusses about fertility in systemic sclerosis (SSc), pregnancy out-
comes, maternal complications during pregnancy and management issues during 
pregnancy.

16.1	 �Fertility in Systemic Sclerosis

This may be difficult to determine as many issues may be involved like the ability  
to get pregnant, and also the desire to get pregnant in spite of a crippling disease. 
Luckily for us most patients have completed family when they come to us in late  
20s or 30s.

There are no cases of infertility in limited systemic sclerosis. The cases of infer-
tility in diffuse are related to the fibrosis of the genital tract, making conception 
difficult. Recent studies have not identified decreased overall fertility in SSc [1–3].

Steen et  al. concluded that SSc patients have reasonably good pregnancy 
outcomes compared with other rheumatic diseases. Infertility is not frequently 
encountered. For good obstetric outcomes for the mother and child pregnancy 
should be planned well, i.e., when the disease is in remission [4, 5].

16.2	 �Pregnancy Outcomes

The pregnancy outcomes of patients with SSc are variable. The studies by Black and 
Slate showed that miscarriages were increased in patients of SSc [6, 7]. However, as 
the patients belonged to low-income group it could be argued that they had inherent 
risks for miscarriages. Some studies showed that miscarriages were increased even 
before the onset of clinical SSc [8].

Study by Steen et  al. documented the frequency of miscarriage to be 9% in 
patients of SSc and it was 7.5% in pregnancies of healthy controls. This study also 
observed that the frequency of miscarriage was more after the disease than before 
(15% vs. 8%). But the risk of miscarriage in SSc patients was not significant.

Should a patient who has suffered from scleroderma renal crisis plan a preg-
nancy? In this scenario the pregnancy will be a high-risk one. Then probably preg-
nancy carries a significant risk. If the blood pressure is not controlled by non-ACE 
inhibitors then an ACE inhibitor will have to be added. Both ACE inhibitor and 
non-ACE inhibitor medication will have to be combined, and the patient will have 
to be closely monitored for oligohydramnios or other signs of foetal abnormalities.
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16.3	 �Prematurity

SSc had increased incidence of premature infants as compared to controls. Steen 
et al. did a retrospective case-control study of pregnancies in patients who had SSc 
before; small full-term infants, i.e. below 5.5  lb, occurred significantly more fre-
quently in patients who had SSc (10%), in comparison to rheumatoid arthritis (4%), 
and normal controls (2%).

Certain case reports have documented increased infant mortality in SSc patients. 
Most of them were associated with acute exacerbation of scleroderma. Neonatal 
deaths have been reported but they are not statistically significant.

Recent studies from Spain, India and Brazil have confirmed that although there 
are increased risks of miscarriage, prematurity and very rarely infant death, the 
chances are not so much as to discourage women to become pregnant.

16.4	 �Effects of Pregnancy on Systemic Sclerosis

The main reason for worry in a pregnant patient of SSc is scleroderma renal crisis. 
The blood pressure elevation in scleroderma pregnancies must be treated promptly 
and aggressively with ACE inhibitors. As we know that ACE inhibitors are contra-
indicated in pregnancy, particularly during the third trimester, and as it has been 
associated with infant kidney dysfunction, it is essential to control hypertension 
and the associated renal crisis in pregnant SSc patients [9], which is potentially 
life-saving.

If a SSc patient has had scleroderma renal crisis it is not a contraindication to 
plan pregnancy provided that the disease is stable for a considerable period of time 
prior to planning a pregnancy. In this scenario ACE inhibitors may be used to con-
trol blood pressure if other medications are not effective [10].

In a scleroderma pregnancy with hypertension and proteinuria, diagnosis of 
scleroderma renal crisis can be confused with pre-eclampsia of pregnancy.

Pregnancy may not be advisable in patients with severe visceral involvement; the 
presence of severe cardiomyopathy (ejection fraction <30%), pulmonary hyperten-
sion, severe restrictive lung disease (forced vital capacity <50%) and renal insuffi-
ciency are associated with an adverse outcome of pregnancy [10].

Musculoskeletal complaints like carpal tunnel syndrome, leg cramps, arthralgias 
and back pain are common in SSc pregnancies.

As we are aware gastro-oesophageal reflux worsening is a common problem in 
healthy pregnancy more so in SSc pregnancies, particularly during third trimester as 
the uterus enlarges. SSc patients suffer from Mallory–Weiss syndrome during early 
or late pregnancy [11, 12]. This can be associated with life-threatening bleeding and 
recurrent vomiting that needs prompt treatment and hospitalization.

Some patients may experience increase in dyspnoea and pulmonary hypertension.
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16.5	 �Management of Pregnancy

Pregnancy in SSc may be uneventful, with good maternal and foetal outcomes. SSc 
is a multisystem disease and complications do occur; however, careful antenatal 
evaluations, discussion of potential problems and participation in monitoring pro-
gramme are mandatory to optimize outcomes.

	 1.	 Because women with diffuse SSc are at greater risk for developing serious car-
diopulmonary and renal problems early in the disease, they should be encour-
aged to delay pregnancy until the disease stabilizes.

	 2.	 At the onset of pregnancy SSc patient should be evaluated to determine the type 
of disease, extent and type of systemic involvement and duration of symptoms. 
Patients with diffuse SSc or who have anti-topoisomerase or RNA polymerase 
III antibodies are at greater risk of a more aggressive disease.

	 3.	 When there are serious concerns like severe cardiomyopathy (ejection fraction 
<30%), moderate-to-severe pulmonary arterial hypertension, severe restrictive 
lung disease (forced vital capacity <50% of predicted), renal insufficiency and 
malabsorption, the decision to continue pregnancy will be based on specific 
abnormalities, not because of SSc being the cause.

	 4.	 Stop the drugs that are contraindicated during pregnancy like methotrexate and 
D-penicillamine. Avoid corticosteroids. Minimize use of proton pump inhibi-
tors, calcium channel blockers and antihistamines.

	 5.	 Hydroxychloroquine is safe during pregnancy. Low-dose prednisone did not 
show an increased risk for oral cleft [13] or any association with renal crisis 
[14]. Antihistaminic and proton pump inhibitors may be used for the treatment 
of oesophageal reflux, nausea and vomiting. Intravenous immunoglobulin 
therapy may be given during pregnancy. But cyclophosphamide is contraindi-
cated during pregnancy.

	 6.	 More frequent monitoring of foetal size and uterine activity is necessary.
	 7.	 Frequent blood pressure monitoring is recommended and aggressive therapy 

with antihypertensives when required. If elevated blood pressure is due to 
scleroderma renal crisis then ACE inhibitors should be started immediately. 
Before the use of ACE inhibitors the prognosis of scleroderma renal crisis was 
bad. Their immediate use saves both mother and child. The benefit to mother 
outweighs the risk of toxicity to foetus. Patients who have been treated with 
ACE inhibitors during the third trimester of pregnancy stand at an increased 
risk for serious kidney problems in the baby.

	 8.	 ACE inhibitors can result in foetal abnormalities including anhydramnios, renal 
atresia, pulmonary hypoplasia and foetal death. This is more so when used in 
the latter half of pregnancy. This is called fetopathy [15, 16]. The exact inci-
dence is not known. In case a patient of SSc has renal crisis during pregnancy 
ACE inhibitors are mandatory.

	 9.	 Close observation and treatment of premature labour are required to avoid beta-
adrenergic agonists.

	10.	 Procure a venous access.
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	11.	 Epidural anaesthesia is preferred.
	12.	 Special warming of delivery room and intravenous fluids should be done and 

patients should be kept warm.
	13.	 Epidural anaesthesia is preferred.
	14.	 Care should be given to the episiotomy and caesarean section incisions.

The worst clinical scenario will be a progression of skin or rapid deterioration of 
internal organs. If such a situation occurs in first trimester then elective termination 
of pregnancy can be considered. However, if it occurs in the third trimester then 
preterm birth with aggressive treatment should be instituted.

16.6	 �Management of Delivery

Pregnant SSc patients are an anaesthetic challenge. Thick skin causes difficulty in 
venous access. Vaginal constriction, taut abdominal skin and contractures interfere 
with taking blood pressure and positioning during delivery.

General anaesthesia should be avoided as patients have microstomia. Regional 
anaesthesia like epidural block is preferred as it not only provides anaesthesia but 
vasodilation as well.

16.7	 �Conclusion

Pregnancy is not a contraindication in systemic sclerosis. The increased risk for 
premature and small infants may be minimized with good obstetric and neonatal 
care. Risk of scleroderma renal crisis is unique to these pregnancies. Careful plan-
ning, close monitoring and aggressive management with optimal immunosuppres-
sion allow these women to have normal babies.
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17Management and Monitoring of 
Anti-Ro/La positive Mother
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Abstract
Neonatal lupus erythematosus is a clinical syndrome that occurs in the babies of 
mothers who are positive for anti-Ro and anti-La autoantibodies and character-
ized by cardiac and cutaneous manifestations. The risk of developing neonatal 
lupus during first pregnancy is about 2% but the risk of recurrence in mothers 
with past history of neonatal lupus is higher, up to 18–20%. Cardiac involvement 
in the form of complete heart block is the most dreaded and is usually irrevers-
ible and is associated with increased morbidity and mortality. The cardiac mani-
festations can develop as early as 16 weeks of gestation; hence, in utero cardiac 
screening is recommended for at-risk fetuses starting from 16  weeks. 
Hydroxychloroquine has been shown to prevent the development of cardiac 
manifestations but the role of other treatments like fluorinated steroids, intrave-
nous immunoglobulin, and plasma exchange is still doubtful. Pediatric cardiolo-
gist should be involved in the management as infants with complete heart block 
will need pacemaker implantation immediately after birth.

Keywords
Neonatal lupus erythematosus · Anti-Ro antibody · Anti-La antibody · Congenital 
heart block

17.1	 �Introduction

Anti-Ro/SS-A and anti-La/SS-B antibodies are autoantibodies against ribonucleo-
proteins that are commonly associated with autoimmune diseases like Sjogren’s 
syndrome and systemic lupus erythematosus (SLE). The Ro antigen is constituted 
of two different proteins, Ro52 and Ro60 kDa [1]. Neonatal lupus erythematosus is 
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a clinical syndrome that occurs in the fetus or infant of mothers who are positive for 
serum anti-Ro and/or anti-La autoantibodies. It is characterized by the presence of 
cutaneous, cardiac, hematologic, and hepatobiliary manifestations.

17.2	 �Pathogenesis

Immunoglobulin G (IgG) crosses the placenta from mother to fetus beginning from 
12–13 weeks of gestation and linearly increases to reach maximum concentrations 
in fetal circulation in the third trimester [2]. IgG anti-Ro and La autoantibodies 
cross the placenta and cause damage to developing tissues by inducing inflamma-
tion and fibrosis. These autoantibodies form immune complexes with fetal antigens 
exposed on apoptotic cells or by molecular mimicry with L-type calcium channels 
leading to damage [3]. Even though more than 98% of infants with neonatal lupus 
have maternal transfer of anti-Ro and anti-La antibodies, only 1–2% of mothers 
with these antibodies have infants developing manifestations of neonatal lupus [4]. 
The risk increases in subsequent pregnancies with up to 18–20% risk of recurrence. 
The risk of congenital heart block (CHB) is about 2% in mothers with anti-Ro auto-
antibody positivity and it increases to 3.1% if the mother is positive for both anti-Ro 
and anti-La autoantibodies [5].

17.3	 �Clinical Features of Neonatal Lupus

The clinical features of neonatal lupus can be divided into reversible and nonrevers-
ible manifestations (Table 17.1).

Cardiac involvement, noted in about 25%, is the most distinctive and dreaded 
manifestation and is usually irreversible. The classic cardiac involvement in neona-
tal lupus is first-, second-, or third-degree congenital atrioventricular (AV) block in 
a structurally normal heart. It commonly manifests during 18–24 weeks of gestation 
but can sometimes manifest as early as 16 weeks of gestation. Complete heart block 
once established is usually irreversible, develops due to fibrosis and calcification of 
AV nodal area, and presents in utero with bradycardia (40–80 beats/min). Other less 
common cardiac manifestations include valvular abnormalities, sinus bradycardia, 
QT prolongation, cardiomyopathy, congestive heart failure, endocardial fibroelasto-
sis, and hydrops fetalis. Mortality rates up to 19% were documented with autoim-
mune complete heart block with majority occurring in utero [6]. Hydrops fetalis, 
myocarditis, low ventricular rate (<50/min), and earlier gestational age at diagnosis 
are associated with high mortality.

Cutaneous involvement is noted in about 40% of infants with neonatal lupus and 
usually develops few days or weeks after birth. The lesions resemble the lesions of 
acute to subacute cutaneous lupus seen in patients with SLE. The lesions are ery-
thematous, nonscarring, macular, annular, or elliptical and commonly affect the 
head and scalp followed by trunk, extremities, or rarely whole body. These lesions 
usually resolve over few months and rarely persist for more than a year.

G. S. R. S. Naidu and M. B. Adarsh



183

Hematological and hepatobiliary manifestations are noted in about 35% of 
infants and are usually mild and self-limiting. They rarely present as isolated mani-
festations and are always associated with cardiac or cutaneous manifestations. 
Neurological involvement is very rare, manifests as macrocephaly with or without 
hydrocephalus, and is usually reversible.

17.4	 �Obstetric and Perinatal Outcomes of Ro/La-Positive 
Mothers

The obstetric outcomes, including mode of delivery, incidence of prematurity, 
growth retardation, intrauterine death, perinatal mortality, and infections, of asymp-
tomatic anti-Ro/anti-La-positive mothers were found to be similar to those of the 
general population except for the incidence of neonatal lupus. But the perinatal 
outcomes were poor if the mother had SLE, due to higher incidence of prematurity 
and growth retardation [7–9].

Few studies have shown increased incidence of SLE among children of anti-Ro-
positive mothers and the incidence correlated with the titers of anti-Ro autoantibod-
ies [10, 11]. However, the incidence of SLE was not found to be higher among 
children who had neonatal lupus, but they were found to have higher incidence of 
juvenile immune arthritis and Hashimoto’s thyroiditis [12]. At 10 years of follow-
up, SLE developed in 18.6% and Sjogren’s syndrome developed in 27.9% of asymp-
tomatic mothers who had a baby with neonatal lupus [13]. The risk of developing a 
systemic autoimmune disease on follow-up was twice in mothers who are positive 
for both anti-Ro and anti-La autoantibodies compared to mothers with only anti-Ro 
positivity.

Table 17.1  Clinical manifestations of neonatal lupus erythematosus

Irreversible manifestation Reversible manifestations
Cardiac involvement
 � •  AV block (first, second, third degree)
 � •  Sinus bradycardia
 � •  QT prolongation
 � •  Cardiomyopathy
 � •  Congestive heart failure
 � •  Valvular abnormality
 � •  Ventricular or atrial septal defect

Cutaneous involvement
 � •  Subacute cutaneous lupus
 � •  Photosensitivity
 � •  Telangiectasias
 � •  Atrophy
Hematologic involvement
 � •  Anemia
 � •  Neutropenia
 � •  Thrombocytopenia
 � •  Aplastic anemia
Hepatobiliary involvement
 � •  Elevated aminotransferases
 � •  Cholestasis
 � •  Hepatomegaly
 � •  Splenomegaly
Neurological involvement
 � •  Macrocephaly
 � •  Hydrocephalus
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17.5	 �Management

Congenital heart block is a potentially life-threatening manifestation of neonatal 
lupus and can manifest in utero, as early as 16 weeks of gestation. Hence, the man-
agement of neonatal lupus includes prenatal counselling, fetal screening, maternal 
evaluation, and treatment of heart disease.

17.5.1	 �Counselling

Among mothers with anti-Ro and anti-La autoantibody positivity, the risk of having 
a child with neonatal lupus is approximately 2%. However, the risk is higher, up to 
18–20%, among women who had a previous pregnancy complicated by cardiac 
manifestations of neonatal lupus. Hence, the expecting parents should be counselled 
regarding the risk of neonatal lupus and the need for fetal screening for early detec-
tion and subsequent management of cardiac abnormalities.

17.5.2	 �Fetal Screening

Fetal screening for cardiac abnormalities should be done in all mothers with anti-Ro 
and anti-La autoantibody positivity and especially in those with previous history of 
child with neonatal lupus. Fetal echocardiography is a noninvasive screening method 
for structural heart disease and assessment of heart rhythm and function. Up to 80% 
of cases develop cardiac abnormalities between 16 and 26 weeks of gestation; hence 
weekly screening is advised between 16 and 26  weeks and less frequently after 
26 weeks of gestation. Neonates without cardiac abnormalities at birth should be 
monitored till 1 month of age, as up to 2% of them can develop heart blocks during 
this period. Asymptomatic infants with transient second-degree AV block should be 
evaluated at 3  months of age while infants with first-degree AV block should be 
evaluated at 1 year of age with electrocardiogram and echocardiography.

17.5.3	 �Maternal Evaluation

All mothers of neonates having congenital heart block should be screened for anti-
Ro and anti-La autoantibodies. In a systematic review of 1416 affected mothers, 
86% were positive for anti-Ro antibodies while only 55% were positive for anti-La 
antibodies [5]. Anti-Ro52 antibodies are more frequent than anti-Ro60 antibodies 
and are suspected to play an important role in the development of CHB in the fetus. 
Mothers who are negative for anti-Ro and anti-La antibodies should be tested spe-
cifically for anti-Ro52 and anti-Ro60 (by both recombinant antigen and native anti-
gen). Mothers who are positive for these antibodies should be screened for 
underlying systemic autoimmune diseases like SLE and primary Sjogren’s 
syndrome. The commonest autoimmune disease noted in these mothers is SLE 
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(up  to 30%) followed by primary Sjogren’s syndrome (up to 20%). Twenty-five 
percent of mothers remain asymptomatic while 25% have undifferentiated connec-
tive tissue disorder.

17.5.4	 �Prevention of Cardiac Disease

Various drugs have been used to prevent high-degree AV blocks in utero but none of 
them were proven to be beneficial. Fluorinated steroids like dexamethasone and beta-
methasone, which can reach the fetal circulation, were thought to reduce inflamma-
tion and fibrosis in cardiac tissue and help in preventing high-degree heart blocks. 
However, the efficacy of fluorinated steroids in preventing the progression of cardiac 
disease or death is not conclusively proven [14]. There is a high risk of fetal compli-
cations like intrauterine growth retardation and oligohydramnios apart from maternal 
complications like infections, osteoporosis, and diabetes with use of fluorinated ste-
roids. Hence, presently, fluorinated steroids are not recommended for preventing car-
diac manifestations or death of fetuses at risk of developing cardiac neonatal lupus.

Intravenous immunoglobulin (IVIg) is a potential therapeutic option in prevent-
ing cardiac manifestations of neonatal lupus as IVIg can increase the catabolism 
and decrease placental transfer of anti-Ro and anti-La antibodies. Even though case 
reports have shown that IVIg may prevent the development of cardiac neonatal 
lupus, two prospective studies with 20 patients each failed to demonstrate the effi-
cacy of IVIg in preventing cardiac manifestations in at-risk fetuses [15, 16]. 
However, we need to keep in mind that the dose of IVIg used in both the studies was 
400 mg/kg given at an interval of 3 weeks. Whether using a higher dose of IVIg will 
be beneficial needs to be studied.

Plasma exchange can help in lowering the levels of anti-Ro and anti-La antibod-
ies and aid in preventing cardiac damage in at-risk fetuses. However, the data on 
plasma exchange is limited to few case reports with varied results and compounded 
by the concomitant use of steroids and IVIg in some case reports [14].

Hydroxychloroquine (HCQ) has shown a lot of promise in reducing the recur-
rence of cardiac neonatal lupus in few case-control studies [17, 18]. In a small ran-
domized placebo-controlled trail, use of HCQ was shown to be protective against 
the development of congenital abnormalities [19]. Based on the present available 
data, HCQ should be advised to all mothers with anti-Ro and anti-La antibodies, 
especially to those mothers who had a previous child with cardiac neonatal lupus.

17.5.5	 �Management of Heart Blocks

Complete heart block is irreversible and associated with increased morbidity and 
mortality. Pediatric cardiologist needs to assess the infant soon after birth and plan 
for pacemaker implantation at the earliest. Pacemaker is indicated in infants with 
congenital third-degree AV block with ventricular rate less than 55/min or less than 
70/min with structural heart disease or a wide QRS escape rhythm, complex ven-
tricular ectopy, or ventricular dysfunction [20].
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18Management of Sjögren’s Syndrome 
During Pregnancy

Pulukool Sandhya

Abstract
There is a scarcity of data on the management of primary Sjögren’s syndrome 
(pSS) in pregnancy. As there is a higher risk of complications in pregnant women 
with pSS, including the possibility of neonatal lupus, these women should be 
managed by a multidisciplinary team. At the preconceptional stage itself, there is 
a need to ensure that the disease activity is well controlled and the patient is not 
on any teratogenic drugs. It is also important to verify that there is no severe 
organ involvement that could adversely impact maternal and fetal health. Disease 
activity needs to be monitored throughout pregnancy. Baseline antibody profile 
(anti-Ro52, anti-Ro60, and anti-La) should be performed in all women planning 
pregnancy and if they are seropositive, appropriate counseling about possible 
risks of neonatal lupus should be done without imparting undue anxiety. Weekly 
fetal echocardiography is done from 16th to 28th weeks of gestation and less 
frequently till term hoping that impending complete heart block can be detected 
and treated, though evidence to support this protocol is weak. Fluorinated ste-
roids are associated with adverse effects and have not been found to have sur-
vival advantage or decrease requirement for pacing. Routine use of fluorinated 
steroids should be avoided and may be considered only in certain scenarios such 
as recent-onset incomplete heart block and in case of myocardial involvement/
hydrops. Hydroxychloroquine protects against occurrence of cardiac and cutane-
ous lupus and hence is a potential preventive therapy. 

Keywords
Sjögren’s syndrome · Pregnancy · Anti-Ro 52 · Anti-Ro 60 · Anti-La · Congenital 
heart block · Hydroxychloroquine · Dexamethasone
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18.1	 �Introduction

Primary Sjögren’s syndrome (pSS) is an autoimmune disease characterized by 
lymphocytic infiltration of the exocrine glands. The disease is well known for sicca 
symptoms though sicca symptoms may not always be conspicuous [1, 2]. It is 
increasingly being recognized that systemic manifestations can be presenting fea-
tures of the disease [1]. Like other autoimmune diseases, pSS occurs predomi-
nantly in women. Though in Western countries the age at onset is perimenopausal, 
in India the onset of the disease is at least a decade earlier [2] and in those with 
predominant systemic features, the disease can manifest in their 30s [3].

Pregnancy is an important issue in women with chronic autoimmune diseases 
that requires shared decision-making between the treating rheumatologist, obstetri-
cian, and the patient. Hormonal and immunological changes during pregnancy can 
modulate the expression of autoimmune disease; concurrently, the underlying auto-
immune disease can also affect maternal and fetal outcomes. Both mother and fetus, 
therefore, need to be monitored regularly throughout pregnancy. Knowledge of 
potential complications related to the disease enables early detection and institution 
of appropriate management which is vital to an optimal outcome.

18.2	 �Considerations Before Pregnancy

Women with pSS should undergo a thorough clinical evaluation, risk assessment, 
laboratory evaluation as required, and detailed counseling in the preconceptional 
period as given in Table 18.1 and detailed below. She should be evaluated for dis-
ease activity and any systemic involvement that could have an adverse effect on 
maternal and fetal health during the course of pregnancy. The EULAR Sjögren’s 
syndrome disease activity index (ESSDAI) is a recently introduced disease activity 
scoring that incorporates the following domains—cutaneous, respiratory, renal, 
articular, muscular, peripheral nervous system, central nervous system, glandular, 
constitutional, lymphadenopathic, hematological, and biological [4]. Though there 
is no specific data on pSS, it is logical to assume based on literature from other 
autoimmune diseases that the disease activity in pSS needs to be well controlled for 
at least 6  months, prior to pregnancy. Teratogenic drugs such as methotrexate, 
cyclophosphamide, and mycophenolate should be discontinued in the preconcep-
tional period itself and switched to drugs that are compatible with pregnancy and 
further, it should be ensured that disease is well controlled post-switching also [5].

Women with pSS should also be evaluated for organ involvement that could be a 
contraindication to pregnancy. For instance, pulmonary arterial hypertension (PAH) 
could occur in up to 20% of pSS [6]. Lung and renal involvement were seen in 11% 
and 5% of patients with pSS, respectively [7]. As in lupus, pregnancy should be 
avoided in case of severe ILD, heart failure, PAH, and chronic kidney disease. 
Comorbidities such as hypertension, thyroid disorders, and blood sugars should be 
adequately controlled.
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Table 18.1  : Key points to consider before pregnancy

What to check How to check Action
1. Systemic 
disease 
activity

–  Clinical
–  ESSDAI

ESSDAI >5 [9]—Consider deferring 
pregnancy till disease activity is 
controlled

2. Organ 
involvement 
and 
comorbidities

–  Clinical
–  CBC, LFT, KFT, ESR, 
sugars, thyroid function test, 
urinalysis—tests for 
organ-specific involvement as 
required, e.g., arterial blood 
gas, pulmonary function test, 
and echocardiography
Evaluate for hypercoagulable 
conditions

Pregnancy contraindicated
  •  CKD
  •  Severe PAH
  •  Severe ILD
  •  Heart failure
Defer pregnancy till blood pressure, 
sugars, and thyroid function 
abnormalities are corrected
Heparin/aspirin as indicated

3. Drugs Check for teratogenic drugs Discontinue teratogenic drugs-
methotrexate, cyclophosphamide, 
mycophenolate
Leflunomide-cholestyramine washout 
required

4. Prior 
pregnancy 
outcome

Details of fetal mortality or 
morbidity—Recurrent 
spontaneous abortions, IUD, 
prematurity, neonatal lupus, 
IUGR, SGA
Maternal mortality—
eclampsia, preeclampsia, 
HELLP, syndrome, abruptio 
placenta, oligohydramnios, 
thrombosis

Evaluate and manage for APS antibodies 
and immunological profile—see point 
number 5
Severe HELLP or eclampsia—
contraindication to pregnancy
Evaluation by gynecologist

5. Antibodies –  Anti-Ro52, anti-Ro60, 
anti-La
–  Lupus anticoagulant
–  Anticardiolipin antibodies 
of IgG and/or IgM subtype
–  Anti-b2 glycoprotein-I 
antibodies of IgG and/or IgM 
subtype

Commence/continue HCQ
APS features—heparin/aspirin as 
indicated

ESSDAI EULAR Sjögren’s syndrome disease activity index; CBC Complete blood count; LFT 
Liver function test; KFT Kidney function test; TFT Thyroid function test; CKD Chronic kidney 
disease; PAH Pulmonary arterial hypertension; ILD Interstitial lung disease; MTX Methotrexate; 
MMF Mycophenolate; CYC Cyclophosphamide; LEF Leflunomide; IUD Intrauterine death; IUGR 
Intrauterine growth restriction; SGA Small for gestational age; HELLP Hemolysis, elevated liver 
enzymes, low platelet count; aPL Antiphospholipid; aCL Anti-cardiolipin; anti-B2GP1 Anti-b2 
glycoprotein-I; APS Antiphospholipid syndrome
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All women with pSS contemplating pregnancy should have been tested for anti-
Ro52 and anti-Ro60 and anti-SSB (anti-La). Women testing positive for these anti-
bodies need to be counseled in detail regarding the risk of neonatal lupus. The high 
rate for recurrence in case of a previously affected child needs to be explained and 
counseled. A word of caution though; it should be understood that this is a rare 
complication and parents should not be subjected to undue anxiety. As hydroxy-
chloroquine (HCQ) has been found to reduce the risk of neonatal lupus (cardiac and 
cutaneous), it is advisable that HCQ is started in the preconceptional period and 
continued throughout pregnancy [8, 9].

Details of previous pregnancy and adverse fetal and maternal outcome should be 
analyzed in detail. Adverse pregnancy outcome and fetal mortality and morbidity 
may be due to neonatal lupus in the setting of pSS. Though antiphospholipid anti-
body syndrome (APS) is less frequent in pSS, the antiphospholipid antibodies 
should be ordered if features of thrombosis and/or characteristic pregnancy morbid-
ity are present [10]. If there are features of APS, she should be managed 
accordingly.

18.3	 �Consideration During Pregnancy

To ensure optimum outcome, mother and fetus should be monitored regularly and 
managed by a multidisciplinary team. Overview of management is depicted in 
Fig. 18.1. Unlike lupus which is known to flare during pregnancy, the effect of preg-
nancy on pSS disease activity is not known. Needless to say, disease activity needs 
to be monitored during pregnancy but there is no guideline regarding the timing or 
frequency of monitoring. Consultation with a rheumatologist should be scheduled 

Fig. 18.1  Overview of management in pregnancy. *Only weak evidence
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at least once in every trimester and more frequently in case of a disease flare. There 
are no validated disease scores for use in pregnancy. The laboratory domains of 
ESSDAI include hematological-(hemoglobin, leukocyte count, and platelet count) 
and biological (globulin levels and complements) variables [4]. Physiologic changes 
in pregnancy are known to alter these parameters. Cutoff values of these parameters 
would need to be modified accordingly for use in pregnancy [12]. Further, unlike 
C3, C4, and anti-dsDNA in lupus, there are no lab parameters that can reliably pre-
dict disease flare in pSS even in the nonpregnant stage. In such a scenario, close 
clinical evaluation followed by relevant tests to assess disease in a particular domain 
should be followed. For instance, in case of renal involvement, blood pressure, renal 
function, electrolyte, and urine evaluation should be done. Arterial blood gas analy-
sis may be required in select cases such as in patients with renal tubular acidosis.

Pregnancy-compatible drugs need to be continued under close monitoring of a 
rheumatologist to minimize the occurrence of disease flares. Azathioprine, cyclo-
sporine, tacrolimus, and prednisolone can be used during pregnancy to control dis-
ease activity [5]. Use of steroids can lead to diabetes, hypertension, preeclampsia, 
oligohydramnios, premature rupture of membranes, small-for-gestational-age 
births, adrenal insufficiency, and neurodevelopmental defects in the offspring. 
Hence, it is advisable that steroids are used in the lowest dose and the disease is 
controlled with immunosuppressants. Further, adverse effects of these drugs need to 
be weighed against the risk posed by untreated maternal disease to the mother and 
fetus. Limited data shows that rituximab is not teratogenic. Cautious use of rituximab 
is permitted during pregnancy though there is a risk of neonatal B-cell depletion 
when used in the later half of pregnancy. Hence, when indicated, it is recommended 
that rituximab is preferably used 6 months before pregnancy [5]. Pilocarpine is listed 
as a FDA category C drug. In the absence of adequate data in pregnancy, cautious use 
is recommended [13]. As hydroxychloroquine (HCQ) is safe in pregnancy and has a 
protective effect, continuing the drug throughout pregnancy is advisable. 

18.3.1	 �Neonatal Lupus

Neonatal lupus encompasses clinical features resulting from passive transplacental 
transfer of maternal antibodies anti-SSA (anti-Ro52, anti-Ro60) and anti-SSB 
(anti-La 48 kDa) causing inflammation and damage to fetal tissue [14]. This com-
plication is related to antibody status rather than maternal diagnosis. Neonatal 
lupus is seen in offsprings of asymptomatic mothers or mothers with lupus, pSS, or 
other connective tissue diseases with antibody positivity. In fact many a time, diag-
nosis of neonatal lupus can unmask an otherwise asymptomatic Sjögren’s mother. 
It is to be noted that the data on neonatal lupus in literature is derived from anti-Ro-
positive mothers as a whole and are therefore not specific for pSS.

The most characteristic and life-threatening manifestation of neonatal lupus is 
cardiac involvement. Maternal antibodies acting in concert with fetal, maternal, and 
environmental factors can damage the fetal conduction system especially the atrio-
ventricular (AV) node as well as endocardium and myocardium. This results in 
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congenital heart block (CHB), endocardial fibroelastosis, and cardiomyopathy; the 
latter two predict a worse prognosis [15]. Cardiac involvement generally develops 
in utero, most often between 16 and 24 weeks, but can also be seen at birth or in the 
immediate neonatal period. CHB is seen in 2% of anti-Ro-positive pregnancies with 
a recurrence of 19% in subsequent pregnancies [16]. CHB is usually complete and 
irreversible and presents with fetal heart rate <100/minute. Advanced CHB with low 
ventricular rate results in hydrops fetalis and death resulting in mortality of 20% 
[17]. CHB also has high morbidity and around 70% require pacing [17]. In CHB-
affected pregnancies, 81% result in live births. Premature birth was seen in 38% 
whereas most of the deliveries occurred between 34–37 weeks. In 75% of cases 
mode of delivery was by caesarean section [17].

In addition to cardiac manifestations, dermatologic, hematologic, and hepatobili-
ary features have been described in neonatal lupus [14]. In contrast to the cardiac 
manifestations, the noncardiac manifestations are transient and resolve with the dis-
appearance of the maternal antibodies at around 6 months.

18.3.2	 �Management of Neonatal Lupus (Cardiac) 

There are no evidence-based recommendations for fetal screening, prophylaxis, or 
treatment of pSS mothers with anti-Ro positivity. Considering the severity of com-
plications, it is of paramount importance that these patients with high-risk preg-
nancy are managed by a multidisciplinary team consisting of rheumatologists, 
obstetricians, fetal medicine specialists, and pediatricians. Management essentially 
consists of monitoring fetal heart and initiating treatment when significant abnor-
malities are detected and continued monitoring to assess response to treatment.

As the highest period of risk for developing cardiac events is between 16 weeks 
to 28 weeks, weekly monitoring by fetal echocardiography during this period, fol-
lowed by less frequent monitoring till term, is the protocol followed at most centers 
[17]. Fetal echocardiography estimates first-degree AV block by calculating the 
mechanical PR interval which is the time from onset of left atrial contraction to the 
onset of left ventricular ejection [18]. In addition to detecting fetal heart rate and 
rhythm abnormalities, echocardiography also detects ventricular and valvular 
defects. There is a suggestion that premature atrial contractions, pericardial effu-
sion, atrial echodensities, and tricuspid regurgitation detected on echocardiography 
could be a forerunner of CHB [16, 18].

The concept of fetal heart monitoring would be meaningful if the following are 
true—(a) phase of cardiac injury exists that heralds CHB (b) this phase is amenable to 
treatment (c) this phase can be identified precisely and within the therapeutic window by 
monitoring. Unfortunately, the current system of monitoring is far from ideal.

A number of questions typically come to the treating clinician’s mind: Is PR 
interval prolongation a forerunner of CHB? Is weekly monitoring by fetal echocar-
diography appropriate enough? These questions have been partly answered by pre-
vious studies. Studies suggest that PR prolongation may not always be deleterious 
and could be a transient phenomenon. The PRIDE study revealed that CHB 
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development was not always preceded by PR prolongation identified by weekly 
monitoring [18]. This study suggests that the progression from normal sinus rhythm 
to CHB is abrupt and unpredictable and there may not be a “warning event”. 
Therefore, weekly monitoring is inadequate to capture the rapidity of events. In this 
scenario, maternal home-based Doppler monitoring of fetal heart rate twice daily 
followed by echocardiography is possibly a practical and more sensible alternative. 
A recent study using this methodology suggests that progression from normal to 
CHB happens rapidly and the critical window for treatment may be less than 
12 hours [19]. Though in the study, the rate of CHB was low and reversibility with 
treatment was seen in only one out of the three affected cases, the methodology 
seems to hold promise and needs to be tested in a larger set of high-risk patients 
before it could be widely recommended.

The other key question in management relates to the existence of therapeutic win-
dow and whether there is an effective treatment which could reverse the critical car-
diac injury from progressing. This is of importance as no treatment has been found 
to reverse complete CHB. Fluorinated steroids (dexamethasone and betamethasone) 
have been the most widely used treatment; because fluorinated compounds can cross 
the placenta and are bioavailable to the fetus. In incomplete heart block, steroids/
other immunosuppressants are expected to act by blocking inflammation and fibrosis 
of the conduction system as well as other cardiac tissues. In earlier case reports and 
series, steroids were reportedly effective in the treatment of myocardial dysfunction, 
pleural effusions, ascites, and hydrops fetalis but this was not seen in large series 
[20–22]. The study which reported efficacy and survival benefit for steroids suffers 
from poor methodology and has to be interpreted cautiously [23]. Further, concerns 
have been raised about the routine use of steroids for the following reasons. 
Firstly, dexamethasone has not been able to reverse second-degree CHB or demon-
strate any survival benefit in large international series, systematic meta-analysis, and 
prospective study [22, 24–30]. Secondly, steroids are associated with both maternal 
and fetal adverse effects. Thirdly, differentiation between complete and incomplete 
forms of CHB is extremely difficult in utero. Moreover, incomplete CHB is also 
known to reverse spontaneously without treatment. Additionally, the exact preceding 
event to CHB at which point a window of opportunity exists has not been clearly 
defined so far. In a recent review, the suggestion has been to commence steroids for 
a brief duration in the following scenarios after carefully weighing and explaining 
risks and benefits to the mother: (a) recent complete heart block till the diagnosis of 
CHB is confirmed, (b) incomplete heart block, and (c) myocardial dysfunction, pleu-
ral and pericardial effusion, and hydrops [31].

Treatment options other than steroids have also been tried with varying success. 
Intravenous immunoglobulins (IVIG) at a dose of 400  mg/kg could not prevent 
progression of CHB in a prospective open-label trial [30]. In a small prospective 
cohort study, a combination of weekly plasmapheresis, fortnightly IVIG, and daily 
betamethasone was found to have some benefit in halting the progression of second-
degree heart block [32]. β2-Adrenergic receptor agonist has also been used in treat-
ment with variable results. In utero cardiac pacing is risky and fraught with 
complications [15]. Prenatal use of hydroxychloroquine has been found to have a 
protective effect on cardiac and cutaneous manifestations [8, 9] and a prospective 
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PATCH trial is underway to verify the protective effect on mothers with prior CHB 
[15].

The future of effective treatment for cardiac neonatal lupus depends on improve-
ment in monitoring devices and identifying risk factors. Wearable sensor devices 
that enable continuous monitoring and facilitate early detection while providing 
ease of in-home monitoring and are expected to revolutionize the field [15]. There 
is a need to identify fetal and maternal risk factors that could classify risk and apply 
intensive monitoring for those at highest risk while sparing others at low risk of 
undue anxiety and economic implications of monitoring. Considering rarity of the 
condition large trials may not be feasible but prospective studies are needed to 
define optimal risk and effective treatment strategies. Novel therapeutic approaches 
to reverse CHB and effective pacing strategies could potentially reduce fetal loss 
and fetal morbidity.

18.4	 �Other Considerations in Pregnancy and Delivery

Beyond neonatal lupus, data on other pregnancy outcomes in pSS are scarce. As 
compared to healthy controls, women with pSS had higher mean maternal age, 
babies with lower birth weight and were more likely to deliver by caesarean section 
or vacuum extraction [33, 34].

18.5	 �Considerations on Fertility and pSS

Fertility and parity rates in pSS have been reported to be comparable to those of the 
general population [35]. In a single-center retrospective study from India, only 4 out 
of 332 (1.2%) pSS patients had infertility [2]. Two had primary infertility whereas 
the other two had secondary infertility. In the only study on IVF and pSS, pSS was 
incidentally detected in 7 out of 42 infertile women with ANA positivity undergoing 
in  vitro fertilization. These patients had unexplained implantation failure during 
prior embryo transfer. Interestingly, use of steroids in these patients during subse-
quent IVF resulted in successful implantation [36].

In conclusion, women with pSS have adverse pregnancy outcomes. Hence, they 
have to be evaluated and counseled in detail prior to planning pregnancy. The pre-
pregnancy checklist should include the following-screen for systemic involvement 
and disease activity, check for teratogenic drugs, assess prior pregnancy outcome and 
tests for anti-Ro and anti-La antibodies and also antiphospholipid antibodies. Drugs 
compatible with pregnancy should be prescribed. As HCQ can reduce the risk of 
cardiac and cutaneous lupus, continuation of HCQ throughout pregnancy is advis-
able. The most dangerous complication is CHB. It is currently unclear if CHB can be 
reliably predicted and treated effectively by weekly fetal echocardiography consider-
ing the rapidity of events and narrow therapeutic window period. Fluorinated ste-
roids have adverse effects and may be considered only in case of incomplete CHB at 
risk of progressing to complete CHB and involvement of myocardium, valvular 
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lesion, or hydrops. Better monitoring techniques coupled with effective treatment 
strategies are expected to improve outcome.
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Abstract
Women with autoimmune disorders can present with a myriad of symptoms dur-
ing pregnancy that sometimes causes catastrophic illness. With greater under-
standing of the interaction between pregnancy and autoimmune disorders as well 
as interdisciplinary cooperation among physicians, the maternal and infant prog-
nosis can be greatly improved. Pregnancy should be planned after control of 
active disease and discussion of risks associated with pregnancy. Systemic lupus 
erythematosus is the most important disorder and can cause severe complications 
such as nephropathy, encephalopathy, pulmonary hypertension, multiple organ 
dysfunction and maternal and infant mortality. Women with autoimmune dis-
eases are also at risk of puerperal sepsis. Other important issues include hyper-
tension, preeclampsia, pulmonary hypertension, cardiac dysfunction and 
hypercoagulable states. Management should be carried out by a multidisciplinary 
team comprising of obstetricians, rheumatologists, nephrologists, cardiologists, 
pulmonary physicians and neonatologists. A one-stop clinic for this special preg-
nant population should be established for these patients.
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Due to improved access to healthcare, maternal deaths due to the direct obstetric 
causes such as haemorrhage, hypertension and sepsis are on a declining trend. 
However, to reach our target of attaining an optimal level of health for all women, 
our focus also needs to encompass chronic medical disorders, such as autoimmune 
diseases, which are responsible for significant maternal morbidity and mortality 
during pregnancy.

Autoimmune diseases are usually chronic debilitating disorders. However, they 
may also present acutely and may have flare-ups, which can be severe. Owing to the 
various dynamic interactions between the immune system and physiological altera-
tions during pregnancy, pregnancy can lead to worsening of autoimmune diseases. 
Various autoimmune diseases affecting women are systemic lupus erythematosus 
(SLE), systemic sclerosis, scleroderma, rheumatoid arthritis, Takayasu arteritis, 
dermatomyositis and antiphospholipid antibody (APLA) syndrome. The risks of 
maternal complications from autoimmune diseases in pregnancy are not well docu-
mented. Since reliable data for rare complications is not available, the extent of risk 
to a woman with these diseases is difficult to assess. Majority of data available is 
from lupus pregnancies. A 7% risk of major morbidity associated with autoimmune 
diseases has been reported during pregnancy. In a review of 13,555 pregnancies in 
women with SLE, maternal morbidity and mortality rate has been reported to be 
325 per 100,000.

Autoimmune diseases affect women more than men and thus their occurrence in 
pregnancy is common. These diseases often manifest for the first time during 
pregnancy. In such scenarios, these disorders often pose diagnostic challenges to phy-
sicians due to overlap of clinical profile with pregnancy-specific disorders, such as 
eclampsia, acute fatty liver of pregnancy (AFLP) and HELLP syndrome, and due to 
multi-systemic involvement by these diseases, such as SLE presenting with renal 
involvement as acute glomerulonephritis or with central nervous system involvement, 
catastrophic APLA syndrome presenting with multi-organ failure, scleroderma 
presenting as interstitial lung disease (ILD) and acute respiratory failure. Diagnosis 
may also be delayed since imaging studies are avoided because of risks of radiation 
exposure to the foetus. The delays in diagnosis worsen the disease prognosis.

With a greater understanding of the profile of autoimmune diseases and the 
impact of and on pregnancy, as well as improved interdisciplinary cooperation 
among physicians, the maternal and infant prognosis has greatly improved. 
Historically, if there were previous renal involvement in a case of SLE, even if it 
were quiescent at present, patients were counselled to avoid pregnancy. Today, 
patients are counselled to conceive while the disease is inactive and in remission for 
a significant period of time. However, owing to its varied presentations, the disease 
can still worsen when pregnancy supervenes. A better understanding of the occur-
rence of adverse pregnancy outcomes in these women is essential for informing 
patients of the potential risks during pregnancy.

There are several management strategies, and many novel therapies are under 
trials, even for complicated autoimmune diseases. However, despite intensive care, 
some patients still have a poor prognosis, or even die of worsening disease. This is 
especially true of diseases such as SLE.
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19.1	 �Why Is Morbidity and Mortality the Highest in SLE?

Owing to multi-systemic involvement, SLE can adversely affect the pregnancy and 
cause severe complications, such as lupus nephritis, lupus encephalopathy, pulmo-
nary hypertension, haemolytic anaemia, cardiac dysfunction, multiple-organ dys-
function and even maternal and infant death. The presence of lupus nephritis, 
anti-Ro/SSA antibody, anti-La/SSB, hypertension, Raynaud’s phenomenon and 
aggravated lupus are all predictors of poor pregnancy outcomes. The higher risks of 
mortality are not only because of the disease per se, but also because of the delay in 
initiating treatment, due to concerns for the foetus.

19.2	 �Renal Concerns

Apart from the high immunological risk in pregnant SLE women, pregnancies inev-
itably cause renal problems during the gestational course. Up to 75% of pregnant 
SLE patients with or without abnormal serum creatinine changes exhibit a spectrum 
of renal abnormalities. Physiological renal compensation, including glomerular 
hypertrophy and hyperfiltration, occurs to meet the increased requirements of preg-
nancy. In healthy women, these physiological changes stabilize naturally without 
any sequelae after delivery. However, patients with chronic kidney disease probably 
fail to compensate for increased requirements during pregnancy. Data suggest that 
insufficient adaption of the kidneys is associated with the risk of chronic kidney 
failure and progression to end-stage renal disease necessitating dialysis, or even 
renal transplantation after delivery. Increased risk of disease activity flare-up in 
these patients contributes to short- and long-term adverse effects on the kidneys, 
which can potentially lead to accelerated progression to end-stage renal disease.

The significantly higher risk of hypertensive disorders, including gestational 
hypertension and pre-eclampsia, in pregnant patients with SLE is considered to be 
highly associated with the flare-up of lupus nephritis and has been suggested to lead 
to cardiovascular diseases in the future. Similar association with hypertensive disor-
ders of pregnancy has also been noted in pregnant women with systemic sclerosis.

19.3	 �Risks of Underlying Interstitial Lung Disease (ILD) 
and Pulmonary Arterial Hypertension (PAH)

Autoimmune diseases, such as rheumatoid arthritis (RA), scleroderma and SLE, 
often have detrimental effects on the pulmonary functions, and lead to ILD and 
PAH. ILD is associated with a high rate of mortality especially after 5 years of dis-
ease onset. Prognosis of patients with severe pulmonary impairment (FVC <55% 
and DLCO <40% of predicted normal values) is unfavourable with up to 42% dying 
within 10 years of disease onset. Pulmonary haemorrhage is a rare but serious and 
frequently fatal event. Its clinical course is similar to lupus pneumonitis, with rapid 
progression and deterioration of patient health status.
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The European societies for cardiology and respiratory diseases have limited 
guidelines on managing PAH during pregnancy, but these suggest that pregnancy 
should be discouraged in women with underlying PAH. Hence, counselling about 
contraception including medical sterilization is important. In case a woman gets 
pregnant, high maternal and foetal risks and the option of termination of pregnancy 
should be discussed. If pregnancy is continued, disease-targeted therapies, effective 
close collaboration between obstetricians and the PAH team and planned elective 
delivery are important because of substantially high risk of maternal and foetal mor-
bidity and mortality.

Studies prior to the introduction of prostaglandin therapy estimated a 50% 
chance of mortality of both mother and baby in pregnant women with PAH. More 
recent studies estimate the probability of death to be 18–40%, and this is higher 
in women with rheumatologic disorders, often due to complications from pre-
eclampsia and disease flare-ups. Majority of these deaths are attributed to right-
heart failure, although they are often multifactorial, involving respiratory failure, 
kidney failure and obstetric haemorrhage. Without prostanoid treatment, mortal-
ity rates are unacceptably high, and with therapy these risks are reduced, although 
comprehensive data is lacking.

19.4	 �Maternal Heart Is Also Not Spared

Cardiac impairment is quite frequent in SLE. Mitral regurgitation is one of the most 
common cardiac manifestations; however, it is usually haemodynamically insignifi-
cant. Valvular vegetations of variable size, from small nodules to large verrucous 
vegetations (Libman-Sacks endocarditis), are the most frequent cause of the valve 
dysfunction and/or insufficiency. Diastolic impairment is the most frequent finding 
on echocardiogram; however, systolic dysfunction can also occur. Women with 
autoimmune disorders are also at risk of developing peripartum cardiomyopathy, 
which is associated with significant maternal morbidity and mortality.

19.5	 �Pregnancy, Coagulation and Autoimmune Disorders

Pregnancy is a hypercoagulable state. Certain autoimmune diseases are also associ-
ated with prothrombotic tendencies, such as APLA.  Life-threatening conditions 
related to APLA syndrome in pregnancy include mainly vascular thrombosis, lead-
ing to pulmonary embolisms, arterial occlusions, cerebrovascular events, myocar-
dial infarctions and microangiopathic haemolysis. Pre-eclampsia, eclampsia and 
HELLP syndrome are potentially fatal antiphospholipid syndrome-related disorders 
connected with pregnancy.
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19.6	 �Cerebral Involvement

The risk of cerebral infarction and sudden death is significantly increased in preg-
nant women with SLE. Cerebral infarction may present either as a classical stroke 
or as a transitory ischaemic attack. Behavioural and mood disorders, psychomotor 
restlessness and different levels of consciousness disorders may accompany epi-
sodes. There is also a strong association between these events and antiphospholipid 
antibodies.

19.7	 �Beware of the Risk of Sepsis

Women with autoimmune diseases are at risk of puerperal sepsis. This is mainly due 
to immune suppression either due to the disease process or due to the drug therapy. 
Caesarean delivery has been proven to be the most common risk factor associated 
with maternal sepsis and pregnancies with autoimmune disorders are at high risk of 
caesarean deliveries due to intrauterine growth restriction, preterm-induced deliver-
ies and other associated comorbidities like pulmonary hypertension. High clinical 
suspicion and aggressive treatment with broad-spectrum antibiotics can prevent 
morbidity to a large extent.

19.8	 �Therapy of Autoimmune Diseases and Pregnancy

Timely and expertly administered therapy suppresses the disease activity and helps 
in improving pregnancy outcomes. However, therapy in itself is associated with 
unwarranted maternal and foetal side effects of the various drugs used. These drugs 
are primarily steroids and steroid-sparing immunosuppressant drugs. Glucocorticoid 
use in pregnancy is associated with a higher risk of hypertension and diabetes, and 
increased risk of puerperal sepsis. Biologic agents such as TNF inhibitors, ritux-
imab and anakinra are not used as frequently in pregnant patients as in non-pregnant 
patients due to foetal concerns, thus limiting the option of therapeutic agents avail-
able for reducing disease activity to a desirable level. Counselling of pregnant 
patients with regard to safety profile of these agents needs to be thorough so that 
optimal therapy can be chosen, thereby reducing maternal morbidity associated 
with untreated and uncontrolled disease.

19.9	 �Conclusions

Autoimmune disorders during pregnancy are associated with increased maternal 
and infant morbidity and mortality. Active disease during pregnancy is associated 
with adverse outcomes. Various life-threatening issues can arise during pregnancy, 
abortion, medical termination of pregnancy and post-partum period. These can 
effectively be tackled only by a multidisciplinary team comprising obstetricians 
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trained in medical disorders, rheumatologists, nephrologists, cardiologists, pulmo-
nary physicians and neonatologists. A one-stop clinic for this special pregnant pop-
ulation should be established where their comprehensive health needs can be taken 
care of.
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Abstract
Rheumatic diseases frequently occur in women in the reproductive age group. 
Although patients are advised to avoid pregnancy unless the disease has been in 
remission for at least 6 months, many patients present with pregnancy and active 
rheumatic disease. Rheumatologists, therefore, need to know which drugs are 
safe in pregnancy. Some diseases like RA naturally remit during pregnancy while 
others like SLE pose unpredictable challenges. Steroid can be used in all the 
three trimesters of pregnancy as well as during lactation. Prednisolone and meth-
ylprednisolone are the preferred compounds. Non-selective NSAIDs can be used 
in pregnancy, with caution especially during the first trimester. These should be 
avoided in the third trimester due to risk of closure of ductus arteriosus. Among 
DMARDs for RA, only hydroxychloroquine, sulphasalazine, calcineurin inhibi-
tors and azathioprine are safe during pregnancy. Anti-TNF drugs have been 
found safe during pregnancy. Safety data do not exist on other biological drugs 
and small molecules. Low molecular weight heparin is safe throughout preg-
nancy. Warfarin is best avoided during pregnancy but can be used after 16th week 
of gestation. Tadalafil and Sildenafil can be used during pregnancy albeit with 
caution. Bisphosphonates should be stopped at least 6 months prior to planned 
pregnancies.
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20.1	 �Introduction

Rheumatic diseases are more prevalent in women than in men, and frequently affect 
women in the childbearing age group [1]. Pregnancies do occur in these patients. 
Ideally, these should be planned when the disease is in remission. Patients, whose 
disease has been in remission for at least 6 months, do better [2]. Almost 50% of 
pregnancies are unplanned. The disease may be severe enough to merit treatment or 
even escalation of existing therapy during pregnancy and lactation. Hence it is 
imperative for the treating physician to know which drugs can be safely used in 
these patients.

With improved quality of life consequent to modern treatment, more and more 
women with rheumatic diseases feel confident in undertaking pregnancy. Some 
diseases like RA naturally remit during pregnancy; others like SLE pose unpredict-
able challenges. Good disease control is mandatory for a successful pregnancy. The 
onus falls on the treating rheumatologist to choose the most effective therapy with 
the best safety profile when managing these patients.

Fertility in general is not affected in women with rheumatic diseases although 
fewer pregnancies are reported in these patients, which most likely is out of personal 
choice. Contraception should be an integral part of counselling of patients in 
reproductive-age group, undergoing treatment for rheumatic diseases.

The British Society for Rheumatology published its guidelines in 2016 on the 
use of anti-rheumatic drugs during pregnancy and lactation [3, 4].

20.2	 �Anti-inflammatory and Synthetic Disease Modifying 
Drugs

20.2.1	 �Steroids

Steroid can be used in all the three trimesters of pregnancy as well as during 
lactation. Prednisolone and methylprednisolone are the preferred compounds. Only 
one-eighth to one-tenth of maternal circulating level of prednisolone is attained in 
the foetal circulation [5]. This is because steroid is converted into 11-keto form, 
which is relatively inactive. Betamethasone and dexamethasone (fluorinated forms) 
are less well metabolised by the placenta.

It is noteworthy that increased blood pressure, osteopenia/osteoporosis, suscep-
tibility to infections and insulin resistance can be caused by both the pregnant state 
and steroid intake. Patients taking bisphosphonate for osteoporosis should discon-
tinue the drug at least 6  months before pregnancy. There have been reports of 
increase in the incidence of cleft lip and palate after foetal exposure to steroids. 
Studies have shown variable results and the risk is minimal.

Although one course of dexamethasone or betamethasone can be administered 
for the protection of the foetus from the risk of death, respiratory distress syndrome 
and cerebral haemorrhages, multiple courses are not recommended as they have 
been shown to interfere with the neurological development of the foetus.
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Only 5–25% of the maternal prednisolone is secreted in breast milk, so the levels 
reaching the infant would be very low (even with higher doses like 80 mg/day). 
Prednisolone can be used in lactating mothers.

20.2.2	 �NSAIDs

NSAIDs are used intermittently for pain relief in patients with rheumatic diseases. 
COX-1 and COX-2 are both involved in ovulation and implantation. There have 
been reports of transient infertility associated with NSAID usage. NSAIDs also 
exert this action by inhibiting the rupture of luteinised follicle. Although there have 
been a few reports of decrease in sperm count of men on long-term NSAIDs, pater-
nal exposure to non-selective NSAIDs is permissible.

There have been reports of miscarriages due to the use of NSAIDs during 
pregnancy. The odds ratio ranged from 1.3 to 7 (NSAIDs used 1–12 weeks before 
miscarriage) [6]. The odds ratio increased in a study with prolonged use around the 
time of conception. This is attributed to the interference with implantation and 
placental circulation. A meta-analysis showed no increase in miscarriages with the 
use of low-dose aspirin in the first trimester [7]. NSAIDs also have tocolytic proper-
ties and have been used to delay premature labour.

There have been reports of midline defects in women using low-dose aspirin 
during the first trimester. All NSAIDs have a potential to cause premature closure of 
ductus arteriosus. This was reversible with indomethacin. Both selective and non-
selective COX inhibitors have been reported to cause reduced foetal renal perfusion, 
which was reversible with drug cessation. Oligohydramnios have also been reported 
which appears to be dose dependent. High-dose aspirin and indomethacin intake 
close to the delivery have also been reported to cause CNS haemorrhages in the 
newborns. NSAIDs are mostly secreted in very small quantities in breast milk and 
are generally considered safe for lactation. However, precautions should be taken, 
like feeding just before taking the drug.

In summary, non-selective NSAIDs can be used in pregnancy (with caution 
especially during the first trimester). These should be avoided in the third trimester 
due to risk of closure of ductus arteriosus. Selective COX-2 inhibitors should be 
avoided. Low-dose aspirin can be continued in the third trimester. NSAIDs includ-
ing low-dose aspirin are safe during lactation and with paternal exposure.

20.2.3	 �Hydroxychloroquine

This antimalarial drug has a proven safety and efficacy in patients with systemic 
lupus erythematosus or inflammatory arthritis who are planning pregnancy or are 
pregnant or lactating. HCQ has also been shown to protect foetal cardiac conduction 
pathways in anti-SS-A-positive pregnant women. HCQ should be continued while 
planning a pregnancy. A prospective study by Clowse et al. found no statistically 
significant difference in the rates of miscarriage, stillbirth, pregnancy loss or 

20  Anti-rheumatic Drugs in Pregnancy



206

congenital deformities between the group of women continuing HCQ throughout 
pregnancy and those who discontinued the drug [8]. Also, they found that the lupus 
activity was much higher in the latter group (they also needed a higher dose of 
steroid). No ocular adverse effects have been reported in children born to mothers 
on long-term HCQ. Although low doses of antimalarials are secreted in breast milk, 
no adverse effects have been reported in such breastfed babies.

20.2.4	 �Methotrexate

This folate antagonist is the anchor drug in the management of inflammatory arthritis. 
Also, it is efficacious in scleroderma, psoriasis and autoimmune inflammatory myosi-
tis and other rheumatic conditions. Active metabolites can remain in the body, months 
after stopping therapy. It is known to be a teratogenic and abortifacient drug. The 
congenital abnormalities associated with exposure to MTX include central nervous 
system anomalies, cranial ossification and growth retardation. Exposure to MTX dur-
ing early pregnancy carries the highest risk of nervous system involvement.

Most data for MTX in pregnancy comes from its use in oncology practice. Even 
though much higher doses than what are prescribed for rheumatic conditions were 
used, US FDA classifies MTX as category X drug. Features of adults with the ‘foe-
tal methotrexate syndrome’ comprise hypertelorism, low-set ears, micrognathia, 
limb deformities and low IQ [9].

The current recommendation is that all couples should be advised contraception 
while on MTX. If pregnancy is planned, MTX should be stopped at least 3 months 
prior. This recommendation is for both women and men. Should a pregnancy occur 
while on MTX, the drug should be stopped immediately and an assessment of foetal 
risk should be obtained. Folate supplementation should continue throughout 
pregnancy (5 mg/day). MTX is also secreted in breast milk and is contraindicated 
during lactation.

20.2.5	 �Leflunomide

Leflunomide was developed from a specific anti-inflammatory drug development 
programme. It is a reversible competitive inhibitor of dihydro-orotate dehydroge-
nase. Dihydro-orotate dehydrogenase is a rate-limiting enzyme in the synthesis of 
pyrimidines. Due to extensive enterohepatic circulation it can be detected in the 
plasma for a few years after discontinuation of the drug.

Exposure to leflunomide during pregnancy in humans has not been reported to 
cause a higher incidence of birth defects as compared to normal population. 
However, since it was found to be embryotoxic in animal studies it is categorised in 
category X.  Women of childbearing age to be started on leflunomide should be 
counselled and advised for contraception. Also, they should test negative for preg-
nancy before starting therapy.

A. Kumar and A. Agarwal



207

Cholestyramine washout is mandated to clear the drug. Recommended dose is 
8 g thrice a day orally for a total of 11 days or until the plasma levels fall below 
0.02 mg/L [10]. The plasma levels should be reconfirmed twice (at least 2 weeks 
apart). Leflunomide is also contraindicated during lactation. Limited evidence 
suggests that leflunomide may be compatible with paternal exposure.

20.2.6	 �Sulphasalazine

Sulphasalazine is a conjugate of 5-amino-salicylic acid and sulphapyridine joined 
by an azo bond. It is metabolised into these two forms by colonic bacteria. 
Sulphasalazine crosses the placenta attaining concentrations similar to those in 
maternal blood. Sulphasalazine is also reported to displace bilirubin from its 
protein-bound form but no cases of neonatal jaundice have been reported. Some 
experts also recommend stopping this drug in the third trimester. There is no effect 
on the foetus. Sulphasalazine is considered safe during pregnancy. Since it is a 
folate antagonist, daily supplementation of folic acid (5 mg/day) is recommended. 
Negligible amounts of sulphasalazine are found in breast milk, so lactation is 
considered safe. Only one case of an infant developing bloody diarrhoea has been 
reported.

Men taking sulphasalazine can develop oligospermia, reduced sperm motility 
and abnormal morphology of the sperms [11]. This is reversible and cessation of the 
drug 3 months before planning pregnancy is recommended. There is no effect on 
fertility in women.

20.2.7	 �Azathioprine

Azathioprine (AZA) is the precursor of 6-mercaptopurine. It is a purine analogue. 
FDA considers it a Category D drug. It does cross the placenta but lower concentra-
tions suggest that there is placental metabolism. The foetal liver also lacks the 
enzyme inosinato-pyrophosphorylase, which converts AZA to its active form. 
Results from the French pregnancy database TERAPPEL [12] and the Danish 
cohort [13] reported no increase in the risk of major birth defects or preterm births 
in patients on AZA, and that the preterm births were more likely caused by the 
underlying disease itself. Some cases of intrauterine growth retardation, neonatal 
leucopenia, lymphopenia, hypogammaglobulinaemia and immunosuppression have 
been reported. However, they were able to attain normal adolescence. AZA and its 
metabolites are secreted in breast milk (0.1% of maternal dose). The BSR considers 
AZA safe during lactation. Similarly, AZA is safe for paternal exposure and has no 
effect on fertility in both men and women.
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20.2.8	 �Cyclosporine-A

CS-A is an immunosuppressive drug that exerts this action by inhibiting calcineu-
rin, which ultimately inhibits the formation of IL-2 and T-cell activation. The FDA 
classifies it in Category C. A meta-analysis confirmed that CS-A does not increase 
the risk of malformations in the foetus as compared to normal population [14]. 
CS-A can be used in pregnancy at the lowest possible dose. Long-term effects on 
children with in utero exposure to CS-A have not been reported.

CS-A is secreted in breast milk in small quantities and there has been one report 
of therapeutic concentrations found in the infant. Overall, the drug is safe during 
breastfeeding. There have been no reports of reduced fertility of men receiving 
CS-A.

20.2.9	 �Cyclophosphamide

Cyclophosphamide (CYC) is an alkylating agent with powerful cytotoxic effect. It 
is used in oncology and rheumatology. This is a teratogenic and gonadotoxic agent. 
The risk for ovarian failure in women increases greatly with age and is dose depen-
dent. CYC resulted in amenorrhoea in 27% of patients in one study [15]. This risk 
should be conveyed to the patient explicitly before initiating therapy.

Although there have been reports of normal infants being born to mothers who 
were exposed to CYC, the risk of congenital malformations is estimated to be 
around 20% [16]. These include growth retardation, developmental delays, blepha-
rophimosis, facial deformities, distal limb defects and craniosynostosis. A history of 
treatment with CYC prior to pregnancy does not affect the outcomes. CYC is 
secreted in breast milk and is contraindicated during lactation. Paternal exposure to 
CYC has also been reported to be unsafe.

20.2.10	 �Mycophenolate Mofetil

MMF interferes with the de novo guanosine synthesis, resulting in inhibition of 
formation of lymphocytes. It exerts this action by reversibly inhibiting inosine 
monophosphate dehydrogenase. FDA classified this drug in Category C, but then 
reclassified it into Category D after 2007. There have been a few case reports of 
infants born with birth defects to mothers exposed to MMF. Specific abnormalities 
have been noted, which include microtia, cleft lip and palate, external auditory canal 
atresia, oesophageal atresia, diaphragmatic hernia, ocular defects, agenesis of 
corpus callosum and congenital heart defects. MMF undergoes enterohepatic circu-
lation and it is recommended that it should be stopped at least 6 weeks before a 
planned pregnancy. All women in childbearing age to be initiated on MMF should 
be counselled regarding contraception.

No data exists regarding the secretion of MMF into breast milk and therefore is 
not indicated during lactation.

A study from Norway, which included 230 men on immunosuppression including 
155 men on MMF, concluded that MMF is compatible with paternal exposure [17].
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20.2.11	 �Tacrolimus

Tacrolimus (TAC) is a macrolide derivative, which is also a potent calcineurin 
inhibitor. The experience of using TAC comes mostly from studies on transplant 
recipients. The BSR recommends that TAC may be used during pregnancy in the 
lowest possible dose. Aktürk et al. in 2015 reported that 68% of patients of renal 
transplants had successful pregnancies while on TAC [18]. They also reported that 
higher doses of TAC were needed during pregnancies to maintain the trough levels. 
Very low levels of TAC (0.02% of maternal dose) are secreted in breast milk. So, 
breastfeeding should not be discouraged. No effect on male fertility or on pregnancy 
with paternal exposure to TAC has been reported.

20.3	 �Intravenous Immunoglobulin

IVIg is considered as a rescue therapy for a variety of rheumatic diseases. IgG does 
cross the placenta but no adverse effects have been reported in any foetus. No 
adverse effects on the foetal immune system have been reported. IVIg is considered 
safe during lactation. No data exists regarding maternal or paternal fertility. It is safe 
for paternal exposure with regard to foetal outcome.

20.4	 �Biologicals & Small Molecules

20.4.1	 �TNF Inhibitors

TNF inhibitors (TNFi) inhibit the action of the cytokine tumour necrosis factor. 
These are indicated in a variety of rheumatic conditions, particularly in rheumatoid 
arthritis and spondyloarthritides. FDA classifies these drugs in Category B.   
All TNFi cross the placenta except certolizumab pegol, and this is the drug that is 
recommended for use throughout pregnancy. Other TNFi are recommended by 
some to be withheld after the second trimester. A meta-analysis by Komaki et al. 
published in 2016 reported that there was no increase in adverse pregnancy 
outcomes in TNFi users vs. non-users [19]. No evidence exists to discourage the 
use of TNFi during lactation and it is also considered safe for paternal exposure.

20.4.2	 �Rituximab

This is an anti-B-cell drug that is directed against CD20 antigen. The FDA classifies 
it in Category C. The rate of live births after RTX exposure is about 66%. No con-
genital malformations have been reported [20]. RTX does cross the placenta and 
Das et al. reported in 2018 that 39% of newborns born to mothers exposed to it had 
low B-cell counts, which later normalised [21]. The BSR guidelines indicate that 
RTX should be stopped at least 6 months prior to conception. Unintentional first-
trimester exposure is deemed safe. No data exists for the secretion of RTX into 
breast milk. No adverse effects of paternal exposure have been reported.
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20.4.3	 �Tocilizumab

Tocilizumab (TCZ) inhibits the IL-6-mediated signalling pathway. It is a humanised 
monoclonal antibody. No pregnancy-related adverse events have been reported 
from animal studies. The BSR maintains that TCZ should be stopped 3 months prior 
to a planned pregnancy; however no increased adverse events have been reported 
with unintentional exposures during the first trimester. TCZ was found to cross the 
placenta during later part of the pregnancy in an animal model. A study from Japan 
reported no congenital malformations in newborns born to mothers (n = 36) exposed 
to TCZ. They also continued TCZ during lactation and reported no adverse out-
comes in the infants [22]. No data exists on the safety of paternal exposure to TCZ.

20.4.4	 �JAK Inhibitors

Tofacitinib and baricitinib are small molecules, which inhibit the JAK-STAT signal-
ling pathway. They are both approved for the treatment of RA. Animal models have 
shown teratogenic effects of tofacitinib when exposed to much higher doses than 
used for humans. These can potentially cross the placenta [23]. Although the manu-
facturer’s database has documented successful pregnancy outcomes while on tofaci-
tinib, one case of pulmonary valve stenosis in a child was documented. No such data 
exists for baricitinib.

Because only scarce data exists, JAK inhibitors should be stopped at least 
2 months before planning pregnancy. Since these are small molecules and can be 
secreted in breast milk, lactation should be avoided. No data exists for the safety of 
paternal exposure.

20.4.5	 �Secukinumab

This is a monoclonal antibody that binds with IL-17A. No adverse outcomes were 
reported in animal models relating to fertility, maternal outcome, foetal toxicity and 
postnatal development. Because no data for humans exists, secukinumab should be 
stopped 5–6 months before a planned pregnancy due to its long half-life, and should 
be avoided during lactation [24].

20.5	 �Apremilast

Apremilast is a selective antagonist of phosphodiesterase-4 (PDE-4) which down-
regulates several proinflammatory cytokines. It was found in the breast milk of mice 
in 1.5 times the concentration in plasma [24]. Given no human data for safety in 
pregnancy and lactation it is best avoided.
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20.6	 �Chronic Pain Management

20.6.1	 �Paracetamol

Paracetamol is safe to use for pain relief during pregnancy and lactation. The BSR 
cautions against prolonged use on account of risk of childhood asthma and a small 
risk of cryptorchidism [5]. Paternal exposure to paracetamol is deemed safe.

20.6.2	 �Tramadol

Tramadol is safe during pregnancy and for short-term use during lactation.

20.6.3	 �Amitriptyline

Low-dose amitriptyline can be used during pregnancy and lactation and is also 
compatible with paternal exposure.

20.6.4	 �Gabapentin and Pregabalin

Adequate evidence for the safety of these medicines during pregnancy and lactation 
is not present and therefore they should not be continued.

20.6.5	 �SSRI

SSRIs (fluoxetine, sertraline) are considered safe in pregnancy and breastfeeding.

20.7	 �Anticoagulants

Low-molecular-weight heparin is safe throughout pregnancy. No concerns were 
raised for its use during lactation, too. Warfarin should be used during pregnancy 
only in exceptional circumstances. It can be used during lactation. No safety data 
for newer anticoagulants during pregnancy and lactation exist and therefore they 
should not be used.

20.8	 �Antihypertensives

ACE inhibitors should not be used in pregnancy due to the higher risk of congenital 
malformations reported. Heart defects were reported with exposure during the first 
trimester and impairment in the foetal renal function was noted with their use during 
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the second and third trimesters [25, 26]. Nifedipine, a calcium channel blocker, is 
compatible with pregnancy and lactation. Bosentan has been found to have terato-
genic effects in animals, even though no such data exists for humans. It should be 
avoided in pregnancy [27].

20.9	 �PDE-5 Inhibitors

Tadalafil and sildenafil can be used during pregnancy albeit with caution. There 
have been successful reports of their use in pregnancy [28].

20.10	 �Bisphosphonates

Bisphosphonates are used in the management of osteoporosis. Bisphosphonates 
cross the placenta and higher doses in animals have shown adverse effects on the 
foetus. Given their long half-life the BSR recommends that these be stopped at least 
6 months prior to planned pregnancies. They should be used only in exceptional 
circumstances. Successful pregnancies have also been reported [29]. No data exist 
for their safety during lactation. Paternal exposure should be avoided.

References

	 1.	Witzel AJ (2014) Lactation and the use of biologic immunosuppressive medications. 
Breastfeed Med 9:543–546

	 2.	Soh MC, Nelson-Piercy C (2015) High-risk pregnancy and the rheumatologist. Rheumatology 
54:572–587

	 3.	Flint J, Panchal S, Hurrell A et al (2016) BSR and BHPR guideline on prescribing drugs in 
pregnancy and breastfeeding—part I: standard and biologic disease modifying anti-rheumatic 
drugs and corticosteroids. Rheumatology (Oxford) 55:1693–1697

	 4.	Flint J, Panchal S, Hurrell A et al (2016) BSR and BHPR guideline on prescribing drugs in 
pregnancy and breastfeeding—part II: analgesics and other drugs used in rheumatology prac-
tice. Rheumatology (Oxford) 55:1698–1702

	 5.	Murphy VE, Fittock RJ, Zarzycki PK, Delahunty MM, Smith R, Clifton VL (2007) Metabolism 
of synthetic steroids by the human placenta. Placenta 28:39–46

	 6.	Østensen M, Khamashta M, Lockshin M et al (2006) Anti-inflammatory and immunosuppres-
sive drugs and reproduction. Arthritis Res Ther 8:209–227

	 7.	Kozer E, Moldovan Costei A, Boskovic R, Nulman I, Nikfar S, Koren G (2003) Effects of 
aspirin consumption during pregnancy on pregnancy outcomes: meta-analysis. Birth Defects 
Res B Dev Reprod Toxicol 68:70–84

	 8.	Clowse ME, Magder L, Witter F, Petri M (2006) Hydroxychloroquine in lupus pregnancy. 
Arthritis Rheum 54:3640–3647

	 9.	Bawle EV, Conard JV, Weiss L (1998) Adult and two children with fetal methotrexate syn-
drome. Teratology 57:51–55

	10.	Chambers CD, Johnson DL, Robinson LK et al (2010) Birth outcomes in women who have 
taken leflunomide during pregnancy. Arthritis Rheumatol 62:1494–1503

	11.	O’Morain C, Smethurst P, Doré CJ, Levi AJ (1984) Reversible male infertility due to sul-
phasalazine: studies in man and rat. Gut 25:1078–1084

A. Kumar and A. Agarwal



213

	12.	Alami Z, Agier MS, Ahid S, Vial T, Dautriche A, Lagarce L, Toutain A, Cherrah Y, Jonville-
Bera AP (2018) Pregnancy outcome following in utero exposure to azathioprine: a French 
comparative observational study. Therapie 73:199–207

	13.	Langagergaard V, Pedersen L, Gislum M, Norgard B, Sorensen HT (2007) Birth outcome in 
women treated with azathioprine or mercaptopurine during pregnancy: a Danish nationwide 
cohort study. Aliment Pharmacol Ther 25:73–81

	14.	Bar Oz B, Hackman R, Einarson T, Koren G (2001) Pregnancy outcome after cyclosporine 
therapy during pregnancy: a meta-analysis. Transplantation 71:1051–1055

	15.	Wang CL, Wang F, Bosco JJ (1995) Ovarian failure in oral cyclophosphamide treatment for 
systemic lupus erythematosus. Lupus 4:11–14

	16.	Temprano KK, Bandlamudi R, Moore TL (2005) Antirheumatic drugs in pregnancy and lacta-
tion. Semin Arthritis Rheum 35:112–121

	17.	Midtvedt K, Bergan S, Reisæter AV, Vikse BE, Åsberg A (2017) Exposure to mycophenolate 
and fatherhood. Transplantation 101:e214–e217

	18.	Akturk S, Celebi ZK, Erdogmus S, Kanmaz AG, Yuce T, Sengul S, Keven K (2015) Pregnancy 
after kidney transplantation: outcomes, tacrolimus doses, and trough levels. Transplant Proc 
47:1442–1444

	19.	Komaki F, Komaki Y, Micic D, Ido A, Sakuraba A (2017) Outcome of pregnancy and neonatal 
complications with anti-tumor necrosis factor-α use in females with immune mediated dis-
eases; a systematic review and meta-analysis. J Autoimmun 76:38–52

	20.	De Cock D, Birmingham L, Watson KD, Kearsley-Fleet L, Symmons DP, Hyrich KL 
(2017) Pregnancy outcomes in women with rheumatoid arthritis ever treated with rituximab. 
Rheumatology (Oxford) 56:661–663

	21.	Das G, Damotte V, Gelfand JM et  al (2018) Rituximab before and during pregnancy: a 
systematic review, and a case series in MS and NMOSD. Neurol Neuroimmunol Neuroinflamm 
5:e453

	22.	Nakajima K, Watanabe O, Mochizuki M, Nakasone A, Ishizuka N, Murashima A (2016) 
Pregnancy outcomes after exposure to tocilizumab: a retrospective analysis of 61 patients in 
Japan. Mod Rheumatol 26:667–671

	23.	Wollenhaupt J, Silverfield J, Lee EB et al (2014) Safety and efficacy of tofacitinib, an oral 
Janus kinase inhibitor, for the treatment of rheumatoid arthritis in open-label, long term exten-
sion studies. J Rheumatol 41:837–852

	24.	Rademaker M, Agnew K, Andrews M et al (2017) Psoriasis in those planning a family, preg-
nant or breastfeeding. The Australasian Psoriasis Collaboration. Aust J  Dermatol 59:86. 
https://doi.org/10.1111/ajd.12641

	25.	Cooper WO, Hernandez-Diaz S, Arbogast PG et al (2006) Major congenital malformations 
after first-trimester exposure to ACE inhibitors. N Engl J Med 354:2443–2451

	26.	Shotan A, Widerhorn J, Hurst A, Elkayam U (1994) Risks of angiotensin-converting enzyme 
inhibition during pregnancy: experimental and clinical evidence, potential mechanisms, and 
recommendations for use. Am J Med 96:451–456

	27.	Kurihara Y, Kurihara H, Oda H et al (1995) Aortic arch malformations and ventricular septal 
defect in mice deficient in endothelin-1. J Clin Investig 96:293–300

	28.	Običan SG, Cleary KL (2014) Pulmonary arterial hypertension in pregnancy. Semin Perinatol 
38:289–294

	29.	Stathopoulos IP, Liakou CG, Katsalira A et al (2011) The use of bisphosphonates in women 
prior to or during pregnancy and lactation. Hormones (Athens) 10:280–291

20  Anti-rheumatic Drugs in Pregnancy

https://doi.org/10.1111/ajd.12641


215© Springer Nature Singapore Pte Ltd. 2020
S. K. Sharma (ed.), Women’s Health in Autoimmune Diseases, 
https://doi.org/10.1007/978-981-15-0114-2_21

G. S. Pangtey (*) · N. Agarwal 
Department of Medicine, Lady Hardinge Medical College, New Delhi, India

21Nonsteroidal Anti-inflammatory Drug 
Use During Pregnancy and Lactation: 
Effects on Mother and Child

Ghan Shyam Pangtey and Niharika Agarwal

Abstract 
Nonsteroidal anti-inflammatory drugs (NSAIDs) are the most frequently pre-
scribed analgesics in pregnant and lactating mother for the management of pain 
in rheumatic disorders. Whenever any medication is to be prescribed to a preg-
nant or lactating woman, the relative benefits and risks to the mother and fetus 
should always be kept in mind. The teratogenicity or adverse effects of medica-
tion in pregnancy and lactation are predominantly influenced by gestational age 
of fetus, permeability of placental barrier to drug, protein binding, and lipid solu-
bility of the drug. Autoimmune disorders are more common in young females of 
childbearing age; thus, the treatment of such disorders in women during preg-
nancy and lactation is an important aspect of their management. It is also impor-
tant to note that, if untreated, the autoimmune disease per se may also lead to risk 
to life of mother and her fetus. There are very limited studies regarding safety 
and tolerability of different NSAIDs in pregnancy and lactation. The majority of 
evidence comes from observational studies and animal research only.

Indiscriminate use of NSAIDs in early pregnancy may be associated with 
increased risk of miscarriages and birth defects, and poor fetal and maternal out-
comes. Use of NSAIDs by breastfeeding mothers is generally considered safe at 
usual doses, as minimal amount of drug is secreted in breast milk due to lower 
protein content in human milk.
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21.1	 �Introduction

Nonsteroidal anti-inflammatory drugs (NSAIDs) are the most commonly prescribed 
non-opioid analgesics in pregnant and lactating mother for the management of pain 
in various conditions, including rheumatic disorders. Whenever any medication is 
to be prescribed to a pregnant or lactating woman, the relative benefits and risks to 
the mother and fetus should always be kept in mind. The medication use may also 
be influenced by gestational age of fetus, drug-crossing of placental barrier, protein 
binding, and lipid solubility of the drug. Inflammatory disorders such as rheumatoid 
arthritis (RA), systemic lupus erythematosus (SLE), and other connective tissue 
disorders often occur in women of childbearing age; thus, the treatment of such 
disorders in women during pregnancy and lactation is an important aspect of their 
management. It is also noteworthy, as untreated autoimmune disease per se may 
also carry its own risks to the mother and fetus.

There are very limited studies regarding safety and tolerability of different 
NSAIDs in pregnancy and lactation due to ethical issues involved in doing drug 
studies in this group of subjects. The majority of evidence comes from observa-
tional studies and animal research. The information regarding safety and teratoge-
nicity of NSAIDs and other antirheumatic drugs in pregnant females should be 
interpreted in light of background risk of adverse pregnancy outcome in general 
population. The estimated prevalence of major birth defects (medical, surgical, or 
cosmetic significance) is 2–4% among live birth (healthy general population), 
which does not vary in different ethnic groups [1]. The evaluation of drug’s risk to 
neonate after breastfeeding is estimated by evaluating relative infant dose (RID), 
which is the dose administered to the infant through breast milk in mg/kg/day. The 
RID of <10% of maternal dose is generally considered to be safe.

21.2	 �NSAIDs in Pregnancy

The NSAID mechanism of action is by inhibiting the enzyme cyclooxygenase 
(COX 1 and 2) involved in the synthesis of key biological mediators prostaglandins 
and thromboxanes which are responsible for pain, inflammation, swelling, and 
platelet aggregation; thus, NSAID use ablates pain and inflammation associated 
with rheumatological disorders.

The safety of low-dose aspirin and NSAIDs in pregnancy is debatable. There are 
some studies which have found association of NSAID use in and around time of con-
ception with increased incidence of miscarriages [2–4]. On the other hand, low-dose 
aspirin (acetylsalicylic acid), an NSAID, has been used in preeclampsia, antiphospho-
lipid (APLA) syndrome, as well as assisted reproductive technology (ART)/intracyto-
plasmic sperm injection (ICSI) in early pregnancy to late pregnancy with improved 
pregnancy outcome [5]. Kozer et al. published a meta-analysis of 22 studies of aspirin 
exposure during first trimester of pregnancy and teratogenicity. The study found no 
evidence of increased risk of congenital malformations with aspirin use, although the 
analysis found significantly increased risk of gastroschisis [6]. Similarly, another 
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study of 50,282 pregnant females by Slone et al. did not found any increased risk of 
congenital anomalies with aspirin use in the initial trimester of pregnancy [7].

NSAIDs can cross placenta and enter fetal circulation [8] and its use in first tri-
mester may be associated with increased frequency of birth defects. One case-
control study from Swedish Medical Birth Registration reported association of oral 
clefts with NSAID (naproxen) use in first trimester [9]. A US congenital anomalies 
registry also showed small-to-moderate association of NSAID (aspirin, ibuprofen, 
and naproxen) use with cardiac septal defects particularly ventricular septal defects 
[10]. NSAID use in first trimester has also been found to be associated with other 
birth defects like neural tube defects, pulmonary valve stenosis, limb reduction 
defects, amniotic bands, and diaphragmatic hernia [11, 12].

In second trimester, NSAID use is generally considered safe; however their use 
should be avoided in late pregnancy (third trimester) as they may be associated with 
premature closure of ductus arteriosus with potential of persistent primary hyperten-
sion in newborn [13, 14], decreased fetal renal perfusion resulting in oligohydram-
nios, necrotizing enterocolitis, and increased chances of intracranial hemorrhage in 
newborn [15]. In mothers because of its tocolytic effects, NSAIDs can prolong labor 
and can also cause postpartum hemorrhage (PPH). There is paucity of studies regard-
ing safety of selective COX 2 inhibitors (celecoxib, etoricoxib, etc.) in pregnancy 
and therefore their use should be done with caution in pregnancy [16].

Given the general lack of qualitative and quantitative data regarding the safety of 
NSAIDs during pregnancy, avoidance of frequent NSAID use should be a prudent 
choice, except use of low-dose aspirin in specific indications (preeclampsia, APLA 
syndrome, ART/ICSI, etc.).

21.3	 �NSAIDs in Lactation

Present literature suggests that after ingestion of NSAIDs by mother very minimal 
amount of drug is excreted in milk as human milk is low in protein and most of the 
NSAIDs are highly protein bound. Therefore, commonly used NSAIDs (ibuprofen, 
naproxen, and indomethacin) are usually safe for lactating mother and her baby at 
approved doses [17, 18]. The maximum literature is available for the safety of ibu-
profen and it has been seen that the ibuprofen levels were undetectable (0.0008% of 
maternal adjusted dosage) in breast milk even after taking four tablets of 400 mg of 
ibuprofen in a day by breastfeeding mother [19]. Therefore, ibuprofen should be the 
NSAID of choice in breastfeeding women. A recent study of celecoxib 200  mg 
(selective COX 2 NSAID) use in lactating female volunteers found very low levels 
of celecoxib in breast milk (relative infant dose: 0.23%) suggesting it to be safe in 
lactating mother and her infant [20]. Data on the safety of other NSAIDs during 
lactation are limited, but it has been found that ketorolac, piroxicam, and diclofenac 
also appear in insignificant amounts in the human breast milk [21].

In breastfeeding mothers who require high doses of aspirin like in rheumatic 
fever, they should avoid breastfeeding as neonatal salicylate levels may reach toxic 
levels [22]. There is very scarce literature available regarding safety of higher dose 
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aspirin in breastfeeding neonates, compared with the available information regard-
ing other NSAIDs and low-dose aspirin regimens. As an example, there has been a 
case report of metabolic acidosis in an infant whose mother was taking 2.4 g of 
aspirin a day [23].

21.4	 �Conclusion

Indiscriminate use of NSAIDs in early pregnancy may be associated with increased 
risk of miscarriages and birth defects, and poor fetal and maternal outcomes. 
Selective use of low-dose aspirin, ibuprofen, and naproxen is considered to be of 
low risk (relatively safe) in first and second trimesters of pregnancy. Use of 
moderate-to-high dose of aspirin and selective COX 2 inhibitors in any trimester 
should be avoided, unless benefits outweigh the risks to mother and fetus. NSAIDs 
should be avoided in the third trimester of pregnancy because of the risk of prema-
ture closure of the ductus arteriosus and are considered unsafe. NSAIDs are classi-
fied as pregnancy category C drugs under US FDA classification.

Use of NSAIDs by breastfeeding mothers is generally considered safe at usual 
doses, as minimal amount of drug is secreted in breast milk due to lower protein 
content in human milk. Low-dose aspirin (up to 81 mg/day) is also considered to be 
safe in breastfeeding mothers. American Academy of Pediatrics has considered ibu-
profen, indomethacin, and naproxen to be safe in lactation [24].
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Abstract
Complete heart block is a rare disease encountered in 1 in 15,000 births. It is 
mostly seen in babies with structurally normal heart, and its strong association 
with maternal anti-Ro/SSA and anti-La/SSB antibodies has been established. 
Once diagnosed, management include insertion of a permanent pacemaker in 
neonatal period which has shown to have excellent outcomes. Other therapies 
include in utero corticosteroids administration which may be considered for 
incomplete varieties in early gestational period.

Keywords
Congenital complete atrioventricular block (CCAVB) · Neonatal pacemaker · 
Anti-Ro/SSA · Anti-La/SSB

22.1	 �Introduction

Heart block is an abnormal cardiac rhythm manifesting as interruption or delay of 
electrical conduction from atria to the ventricles. Complete atrioventricular block 
(CAVB) or third-degree AV block is the complete failure of the conduction of the 
sinus impulse to the ventricles. Atrial impulses are not conducted to the ventricles 
leading to complete dissociation of the atria and the ventricles. Complete AV block 
is regarded as congenital when it is diagnosed in utero, at birth or within the neona-
tal period.
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Congenital complete atrioventricular block (CCAVB) is a rare disease with 
estimated incidence reported between 1  in 15,000 and 1  in 20,000 births [1, 2]. 
58–86% of CCAVB is seen in structurally normal heart, also known as isolated 
congenital complete heart block. It has been found to be strongly associated with 
the presence of anti-Ro/SSA and anti-La/SSB antibodies, detected in mothers of 
91% of the affected children [3, 4]. 14–42% of CCAVB is seen in children having 
complex structural heart diseases (like left atrial isomerism, l-transposition of great 
arteries or AV canal defects). Other rare causes being idiopathic and different chan-
nelopathies [5] (Fig. 22.1).

22.2	 �Immune-Mediated CCAVB

Immune-mediated CCAVB is the most common cause of isolated congenital 
complete heart block. It occurs as a result of passive transplacental passage of 
maternal IgG anti-Ro/SSA and anti-La/SSB antibodies and can occur as early as 
11 weeks of gestation. The mother may have clinical manifestations of autoim-
mune disorders like systemic lupus erythematosus or Sjogren’s syndrome, or may 
be asymptomatic as seen in about one-third of the cases [4]. These antibodies are 
believed to trigger cascade of inflammation leading to tissue injury, fibrosis and 
scarring of the conduction system with foetuses developing congenital heart block 
in 2–5% of these pregnancies [5]. Another hypothesis suggests that antibodies 
directly damage the conduction system via disturbing the calcium homeostasis. 
However, development of CHB in only a small percentage of these patients sug-
gests that multiple factors are involved in the disease development and progres-
sion. The familial recurrence rate of autoimmune CCAVB is estimated to be 
12–25% [4].

Other cardiac manifestation of neonatal lupus includes diffuse myocardial 
involvement with LV systolic dysfunction, endocardial fibroelastosis, valvular 
involvement which may lead to severe valvular regurgitations and pericardial effu-
sion which may occur independent of conduction abnormalities [6]. Non-cardiac 
manifestations of neonatal lupus includes transient rash, hepatobiliary dysfunction, 

Fig. 22.1  Various causative mechanism of congenital complete heart block

P. Barwad and L. Uppal



223

neurological and pulmonary abnormalities. While most of these abnormalities are 
corrected by 6 months of age with clearance of the antibodies, the cardiac manifes-
tations are permanent and persist indefinitely.

22.3	 �Natural History of CCAVB

Most cases are diagnosed in utero with screening obstetric ultrasound, between 18 
and 24 weeks of gestation. In other children, CCAVB can have variable presenta-
tion ranging from foetal hydrops in utero, congestive heart failure in infants, to 
poor exercise tolerance, recurrent syncope and sudden cardiac death in older chil-
dren. Perinatal and neonatal period have the greatest risk of mortality which is 
estimated to be between 15 and 20% [4, 7]. Poor prognosis is seen in hydrops 
fetalis, low heart rate (<50–55/min), premature newborn and those who have asso-
ciated LV dysfunction or endocardial fibroelastosis [4]. Around 10% of the chil-
dren would be born with hydrops or congestive heart failure secondary to 
intrauterine myocarditis or severe bradycardia [4]. The choice of therapy remains 
pacemaker implantation, and almost two-third of the patients will require pace-
maker during their lifetime. Majority of patients will undergo pacemaker implanta-
tion during the neonatal period and can be expected to have near normal life 
expectancy [8].

22.4	 �Cardiac Evaluation of Complete Heart Block in Prenatal 
Period

Foetal echocardiography is the imaging modality of choice for perinatal cardiac 
evaluation in foetus. Foetal echocardiography and colour doppler can identify any 
structural abnormalities. It also recognises other associated functional abnormali-
ties like pericardial effusion, atrioventricular valve regurgitation and is useful for 
assessment of left ventricular function.

The various techniques on foetal echocardiography include M-Mode, Tissue 
Doppler and Pulsed wave Doppler. These techniques can accurately assess the time 
intervals and dissociation of atrial inflow with ventricular outflow.

Simultaneous Doppler flow measurement across mitral valve and aortic valve 
demonstrates the dissociation between atrial and ventricular rhythms in com-
plete heart block. Atrioventricular contraction Time Interval (AVCTI) is the 
mechanical representation of electrical PR interval. It is measured between the 
onset of the A wave (atrial systole) and the onset of the ejection outflow Doppler 
(ventricular systole). Measurement of AVCTI facilitates the recognition of 
lower grades of heart block, thus assisting in subsequent follow up and risk 
assessment.
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Mechanical assessment of wall motion by M mode demonstrates sequential 
contraction of atrial and ventricular myocardium and demonstrates electrical activity.

Tissue Doppler imaging can directly record the mechanical activity of the atria 
and ventricle during cardiac cycle leading to accurate measurement of cardiac inter-
vals [9]. Other modalities like foetal electrocardiography and foetal magnetography 
are limited in their utility.

Foetal ECG: Foetal electrocardiogram (fECG) can detect QRS signals in foetuses 
from as early as 17 weeks gestation. However, this technique is limited by foetal 
movements and in differentiating foetal from maternal ECG signals. Moreover, 
fECG is not feasible after 28 weeks of gestation. A fECG with scalp electrodes can 
be helpful in peripartum management of CHB; however, it cannot be used in screen-
ing for foetal arrhythmias.

Foetal magnetography: Foetal magnetography uses the magnetic field created by 
the electrical signals of the foetal heart. It requires magnetically isolated room and 
is currently used in research settings.

Since the first degree AVB can rapidly progress to CAVB, early diagnosis, prena-
tal evaluation and proper management are critical to prevent progression and avoid 
irreversible damage. The first sign of foetal heart block is seen between 18th and 
24th gestational week and is rapidly progressive thereafter.

Initial diagnosis of foetal bradycardia by either auscultation or abnormal obstet-
ric ultrasound is generally the first sign for foetal cardiac evaluation. Since many of 
these mothers may be asymptomatic, it also prompts screening of mothers for 
presence of IgG antibodies and other manifestations of autoimmune diseases. For 
pregnant patients with presence of antibodies or previous child with congenital 
heart block, evaluation is routinely started at 18 weeks. Because of high risk and 
rapid progression, foetal echocardiography is carried out weekly till 24th week and 
monthly thereafter till delivery. In babies diagnosed to have first degree heart block, 
weekly foetal echocardiography is carried out till elective termination of pregnancy. 
Echocardiography also helps to rule out presence of cardiac structural abnormalities 
and myocardial involvement.

22.5	 �Pharmacotherapy

Corticosteroids may reduce immune-mediated damage to the conduction tissue and 
decrease inflammation in foetuses with progressive heart block. Fluorinated ste-
roids like dexamethasone and betamethasone have the ability to cross placenta and 
reach foetus in the active stage. The timely administration of these drugs prevents 
the progression to higher degrees of AV block and progression of cardiomyopathy 
and also minimises the clinical morbidity [10, 11]. However, a recent meta-analysis 
comparing data from eight studies demonstrated no benefit of steroids in patients 
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with AV block with no difference in progression to third-degree heart block or 
mortality in steroid-treated patients when compared to non-treated patients [12]. 
Moreover, corticosteroid administration can have negative side effects on both 
mother and the foetus including hypertension, maternal diabetes, intrauterine 
growth retardation and foetal neurological abnormalities. Thus, in view of lack of 
definite evidence, corticosteroids can be considered in first- or second-degree heart 
block in attempts to reduce progression to complete heart block since development 
of complete heart block is often irreversible.

22.6	 �Beta Agonists

Two small retrospective cohort studies evaluated the treatment of patients with 
dexamethasone along with beta agonist where strict monitoring and concomi-
tant use of dexamethasone with beta agonist had resulted in better outcomes [11, 
13]. In both the studies beta agonists were used in patient with foetal heart rate 
<55/min.

Other experimental therapies including plasmapheresis, digoxin and foetal 
pacing have no definite data and are only reserved for cases where the foetus is in 
life threatening situation with hydrops and cardiac dysfunction.

22  Management of Neonate with Heart Block
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22.7	 �Post-natal Management

Most of the neonates developing complete heart block would require a pacemaker 
in their lifetime. The decision regarding implantation of pacemaker in a neonate 
depends upon the clinical stability of the child. Newborn with AV block should be 
managed in intensive care units for optimising acid/base status, inotropic drug 
infusion and mechanical ventilation. Early pacing of high-risk neonates reduces the 
adverse effects of low cardiac output. Temporary epicardial pacemaker as a bridge 
to permanent pacemaker is a feasible option to achieve clinical stability and weight 
gain. The hemodynamic function of a neonate with complete heart block depends 
upon one critical factor, i.e. ventricular rate. In addition to heart rate, other factors 
like absence of structural heart disease and presence of inherently normal myocar-
dium determine the clinical stability of the infant.

Clinical examination generally reveals a low heart rate, ranging from 40 to 90 
beats/min. Definitive diagnosis of complete heart block is made on ECG which 
shows p wave of atrial depolarisation independent of the QRS complexes of 
ventricular depolarisation. The p–p interval is constant and R–R interval is constant 
with variable PR interval example shown in Fig.  22.2. Subsidiary pacemakers 
proximal to HIS bundle produce narrow QRS escape rhythm, whereas those at or 
below HIS bundle produce a wide QRS complex.

Decision regarding the timing of pacemaker must consider the indications and 
technical feasibility of putting pacemaker in a neonate. The indications for pacing 

Fig. 22.2  ECG of a child with complete heart block shows atrial rate of 120/min with ventricular 
rate of 50 beats/min. ECG shows complete atrioventricular dissociation. Narrow QRS complexes 
suggest origin of ventricular escape rhythm above the bundle of HIS

22  Management of Neonate with Heart Block
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in congenital complete heart block in a neonate relatively similar to those of adult 
patient are as follows [14].

22.7.1	 �Class I

	1.	 Permanent pacemaker implantation is indicated for advanced second- or 
third-degree AV block associated with symptomatic bradycardia, ventricular 
dysfunction or low cardiac output (LOE: C).

	2.	 Permanent pacemaker implantation is indicated for congenital third-degree AV 
block with a wide QRS escape rhythm, complex ventricular ectopy or ventricular 
dysfunction (LOE: B).

	3.	 Permanent pacemaker implantation is indicated for congenital third-degree AV 
block in the infant with a ventricular rate less than 55 bpm or with congenital 
heart disease and a ventricular rate less than 70 bpm (LOE: C).

22.7.2	 �Class IIa

Permanent pacemaker implantation is reasonable for congenital third-degree AV 
block beyond the first year of life with an average heart rate less than 50 bpm, abrupt 
pauses in ventricular rate that are two or three times the basic cycle length, or 
associated with symptoms due to chronotropic incompetence (LOE: C).

22.7.3	 �Class IIb

Permanent pacemaker implantation may be considered for congenital third-degree 
AV block in asymptomatic children or adolescents with an acceptable rate, a narrow 
QRS complex and normal ventricular function (LOE: B).

22.8	 �Choice of Pacemaker

In contrast to adult patients, pacemaker implantation in children requires individual 
assessment of access (epicardial vs. endocardial), of implantation site (infraclavicu-
lar vs. abdominal) and associated structural abnormalities. Also, the expected 
growth of the child has to be considered, as the lifelong dependency of the patient 
and multiple revisions that would be required for battery or lead replacements.

Currently it is recommended to use epicardial pacemaker in infants till 2 years of 
age. High incidence of venous occlusion of small venous structures and concern 
over loss of venous access in future leads to preference of epicardial pacemaker in 
this age group. Endocardial pacing is reserved for children who are at least >10 kg 
or >2 years of age.
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Epicardial pacemakers are inserted via a subxiphoid approach or lateral thora-
cotomy approach, and most patients with pacemaker will require 100% pacing. This 
allows direct access to RV apex or RA appendage. Alternative sites for lead place-
ment LV apex or biventricular pacing are thought to have better ventricular 
synchrony and long-term myocardial performance. Various side effects including 
higher lead threshold, surgical mortality and increased risk of lead fracture are seen 
with epicardial deployment of pacemaker. With availability of leads with lower 
profile and smaller generator size, many centres are now exploring the possibility of 
endocardial placement [15].

Key Points

	1.	 Isolated CCAVB is a rare congenital heart disease mainly seen in pregnant 
women positive for IgG antibodies.

	2.	 Perinatal diagnosis and strict monitoring is the key to management.
	3.	 Role of fluorinated steroids remains controversial in incomplete forms of CHB, 

which is not recommended in complete form.
	4.	 Timely pacemaker implantation is the management of choice.
	5.	 Epicardial pacemaker implantation is the currently practised approach for 

neonatal age group; however, with availability of low profile leads and genera-
tors, trans-venous approach is rapidly gaining momentum.
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Abstract
Autoimmune diseases occur more commonly in females of child-bearing age. 
The diseases with their systemic nature play a role in menstrual irregularities, 
fertility and may cause complications in pregnancy and delivery. Moreover some 
medications are contraindicated during conception, pregnancy and breast feed-
ing. Epidemiological data available from India on autoimmune diseases is sparse. 
The Multicentric COPCORD study reports prevalence of various rheumatologi-
cal diseases in India. A study by Prem Kumar et  al. attempts to give male to 
female ratio. Kudial et al. have thrown light on the burden of rheumatological 
disorders in postmenopausal women.

After an extensive search, on these issues in individual rheumatological dis-
eases, we present herewith a compilation of Indian data in this chapter.

Keywords
Autoimmune disease · India · SLE · Rheumatoid arthritis · Vasculitis · Pregnancy

23.1	 �Introduction

Autoimmune diseases occur significantly more commonly in women than in men 
(frequency about 78%). They occur predominantly in the childbearing age, i.e. 
20–40 [1]. Whilst the disease itself with its systemic features may play a role in 
causing menstrual irregularities, infertility, pregnancy and delivery, some medica-
tions may be contraindicated in conception, pregnancy and breast feeding.
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High disease activity has an inversely proportional relationship with sexual func-
tion secondary to chronic pain, stiffness, fatigue, impaired quality of life, depression 
or reduced libido. Additionally fecundity (time to achieve pregnancy) may also be 
affected [2].

23.2	 �Epidemiology of Rheumatic Diseases in Women in India

Epidemiological data available in India on autoimmune diseases is sparse. The max-
imum data available is from Dr. Arvind Chopra’s article based on the multicentric 
copcord study which attempted to assess the burden of various rheumatological 
disorders in India. Data from 55,000 people over 12 sites in various surveys from 
Bone and Joint decade (2004–2010) reported prevalence of RA in 0.34, undifferen-
tiated arthritis in 0.23, spondyloarthritis in 0.2 (of which incidence of ankylosing 
spondylitis found to be 0.02), SLE in 0.1 and OA knee in 3.34. Though we know 
that most autoimmune diseases are prevalent in females, the exact female to male 
ratio is not available from this study [3].

Mahajan et al. studied 529 males and 485 females and found 245 patients with 
rheumatic diseases (132 females/113 males) [4]. Kudial et al. reported the prevalence 
of rheumatic disorders in Indian menopausal women significant enough to draw 
attention of health care providers to this subsegment of patients. The most common 
afflictions noted were low backache followed by osteoarthritis, fibromyalgia and 
rheumatoid arthritis affecting women above the age of 40 years. Hypertension, anae-
mia and diabetes mellitus were found to be commonly associated comorbidities [5].

Prem Kumar studied 1481 patients attending orthopaedic and rheumatic unit, and 
the epidemiology of autoimmune diseases found by them is as given in Table 23.1 [6].

Successful pregnancy is largely dependent on a TH2 cytokine profile, whereas 
spontaneous abortion shows a TH1 cytokine pattern. Evidence for this shift of the 
TH response is strongest at the maternal–foetal interface. However, a modulation 

Table 23.1  Epidemiology of autoimmune diseases

Disease Percentage Female to male ratio
Rheumatoid arthritis 39 3.35:1
Spondyloarthropathy 9 0.92:1
Psoriatic arthritis 6 2.42:1
Systemic lupus erythematosus 6 1.9:1
Sjogren’s syndrome 5
Reactive arthritis 5
Scleroderma 2 10:1
Takayasu’s arteritis 1
Dermatomyositis 1
Gout 3 1:7.2
Osteoarthritis 3 0.28:1
Fibromyalgia 13 4.79:1

Indian data from Prem Kumar et al.
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takes place in synchrony with the stage of pregnancy and a persistent domination of 
a TH2 cytokine pattern is not seen throughout pregnancy. Studies have shown an 
increase of anti-inflammatory cytokines in pregnancy such as IL 10, IL 4 and trans-
forming growth factor B and the production of inflammatory cytokines such as 
interferon gamma and IL 12 is suppressed and immune tolerance is induced. The 
increase of regulatory T-cells suppresses the proliferation of interferon gamma and 
interleukin-12 (IL-12) producing effector T-cells and promotes the secretion of 
IL-10, IL-4 and transforming growth factor-beta [7].

The interaction of paternal HLA antigens with maternal peripheral blood mono-
nuclear cells stimulates the production of IL-4, thereby promoting a TH2 response. 
Serum levels of cortisol, catecholamines and other factors decrease postpartum 
leading to an increase of pro-inflammatory cytokines and more vigorous B-cell 
responses causing an immunological rebound [7].

As mentioned earlier, there is paucity of Indian data on pregnancy and rheumatic 
diseases and is mainly restricted to SLE (systemic lupus erythematosus). Most of 
these studies are small in number and hence the interpretation of these or the impact 
of their conclusions, so as to aid derivation of some form of guidelines for the clini-
cian, is open to debate. Nevertheless the available data has been reviewed and pre-
sented disease wise in this chapter.

23.3	 �Systemic Lupus Erythematosus (SLE)

It is well known that menstrual irregularities occur both due to disease activity and 
use of cyclophosphamide. Amenorrhoea due to cyclophosphamide may be reversible 
or irreversible. The chances of irreversibility increase proportionate to increasing age 
and are significant beyond 30 years of age.

Kothari et al. in 2016 reported 52 patients with SLE of which menstrual irregu-
larities were recorded in 19/52 (36.51%), 10 patients (19.2%) with amenorrhoea at 
the onset which was attributed to disease activity. Twenty-seven patients received 
cyclophosphamide pulse doses of which 13 were reported to have developed amen-
orrhoea post cyclophosphamide therapy (these 13 included the 10 patients who had 
amenorrhoea at the onset), of these 3 developed irreversible amenorrhoea all being 
above the age of 30 years. The conclusion therefore is that higher pulse cyclophos-
phamide dose and age above 30 are the known risk factors [8].

Singh et al. reported 29.4% incidence of amenorrhoea and premature menopause 
in 17.2% following cyclophosphamide therapy in SLE vs 4% and 2%, respectively, 
in no cyclo group [9]. In both these studies FSH, LH levels and AMH levels were 
not checked. Whilst fertility in SLE is not usually compromised, pregnancy losses, 
preterm deliveries, intrauterine growth retardation (IUGR), low gestational age and 
low birthweight are not uncommon complications either in SLE [10]. Table 23.2 
gives comparative data of various Indian studies. SLE being rare disease, most of 
the studies even from large centres have small numbers. The higher number of 
patients are over long periods of time. Since treatment strategies have evolved over 
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time, it is difficult to interpret results from these studies in the current context. 
Overall studies show the incidence of lupus flare in about 20–40% of patients dur-
ing pregnancy, whilst the incidence of foetal loss, spontaneous abortions and IUFD 
is estimated to be around 35–40%, 25–40% and 9.5–18%, respectively. Status of 
disease activity in the 6 months prior to conception was predictive of lupus flare in 
pregnancy [8, 12]. Active disease, renal involvement, anti Ro/La, APLA positivity 
and preclampsia are risk factors for complications during pregnancy.

Leelavati et  al. from Mysore presented their experience of 11 pregnant SLE 
patients wherein the incidence of pre-eclampsia was noted to be 54.54%, HELLP 
syndrome in 9.09%, PPH in 50%. Seventy-five per cent of patients had LSCS cae-
sarean section and 62.5% had preterm deliveries [20]. Ravindran in 2016 convinc-
ingly showed that prenatal counselling, risk stratification, periodic antenatal visits 
for the monitoring of pregnancy and disease activity along with changes in therapy 
as required, 2D echocardiogram at weeks 18 and 32 in Ro/LA positive patients and 
postnatal contraception advice can improve pregnancy outcome suggesting a ‘treat 
to target’ protocol [10]. The same conclusion is seen with other tertiary centre mul-
tidisciplinary care [20].

23.4	 �Antiphospholipid Syndrome (APLS)

Antiphospholipid antibodies are reported as one of the important risk factors in 
adverse outcome. Dadhawal et al. reported 42 pregnant women with a mean age of 
30 years who presented between 2007 and 2009 in antenatal clinic that a large pro-
portion of patients developed complications despite treatment. These comprised of 
missed abortions in 4 (9.5%), intrauterine growth retardation (IUGR) in 9 (21.4%) 
and pre-eclampsia in 13 (30.9%), abruption placentae in 3 (7.1%) and intrauterine 
foetal death (IUFD) in 2 (4.7%). Despite these complications, the birth rate improved 
from 4.6% before treatment to 85.7% after treatment. Early foetal loss reduced from 
76.1% to 9.5% and late foetal loss reduced from 19.6% to 4% [21].

Findings of the Euro-Phospholipid study suggest there was early foetal loss (before 
10 weeks) in 35.5% as against incidence of late foetal loss in 16.9%. Pre-eclampsia 
occurred in 9.5% of pregnant women, eclampsia in 4.4% and placental abruption in 
2%. The improvement in birth rate is comparable with the international data [22–24].

23.5	 �Rheumatoid Arthritis

Compared to the national average in India, the average number of living children is 
observed to be lesser in patients of RA (2.39 ± 1.39), though this fact is applicable 
more so in patients with SLE (1.44 ± 1.35) which is in concordance with interna-
tional observations [25]. Reduced fecundity with a duration more than 12 months 
has been observed in a Dutch study [2]. Factors responsible for the same could be 
higher maternal age, disease severity and higher steroid dose. In addition to delayed 
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conception, low birth weight and premature delivery are known to occur with active 
disease [2]. However, no Indian date available on this aspect.

23.6	 �Vasculitis

23.6.1	 �ANCA-Associated Vasculitis (AAV)

Singh et al. have reported 137 pregnancies in 110 patients of AAV with mean age of 
29.3(±5.3) years. Vasculitis was diagnosed before pregnancy in 69, during preg-
nancy in 32 and post-partum in 9 patients. There were 91 full-term pregnancies, 28 
preterm, 15 abortions and 3 stillbirths; 78 had normal delivery while 26 patients 
delivered via caesarean section [26].

The study by Veltri et al. included 27 cases of newly diagnosed ANCA-associated 
vasculitis. The patients ranged from 5 to 39 weeks of gestation, and most were in the 
second trimester (median 20 weeks). These patients received various modalities of treat-
ment based on severity of the vasculitis and the clinicians’ judgement. The vast majority 
were treated with steroids (89%), whilst some patients also received combination treat-
ment with immunosuppressants such as cyclophosphamide (CYC) (37%), azathioprine 
(AZA), IVIG, plasma exchange (PLEX) or no therapy (11%) [27].

Not surprisingly, high rates of serious complications such as pre-eclampsia 
(29%) and maternal death (7%) were noted. Given the gravity of the disease and the 
complications associated with treatment, the rate of successful pregnancies result-
ing in live births was satisfactory (73%). Rate of premature delivery was significant 
with 73% deliveries at less than 37 weeks and 40% less than 34 weeks of pregnancy 
state. However the majority of infants were born in the third trimester (median 
34.5 weeks). Not surprisingly the rates of pregnancy termination were high (23%) 
with one intrauterine death shortly after initiation of therapy (4%). Encouragingly 
the incidence of congenital abnormalities was not significant, barring one infant 
having a solitary, pelvic kidney (6%) after maternal treatment with steroids, CYC 
and PLEX. Remission of vasculitis was observed in 60% of patients postpartum. 
Interestingly the use of PLEX, IVIG and AZA has increased after 2005, with cor-
responding reduction in CYC use [27].

In a British cohort, 51 pregnancies in 29 women with systemic vasculitis were 
compared to 156 pregnancies in 62 age-, body mass index- and ethnicity-matched 
healthy pregnant controls. Babies of mothers with vasculitis were born at a median 
gestational age of 36 weeks versus 40 weeks for controls (P < 0.03). The median 
birth weight for the babies with affected mothers was 3.0 kg versus 3.5 kg for the 
control babies (P = 0.004). Affected mothers suffered 13 miscarriages, 3 had pre-
eclampsia and 2 had an intrauterine death [28].
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23.6.2	 �Takayasu’s Arteritis

A 13-fold higher rate of obstetric complications was noted in women with aortoar-
teritis compared to pregnancies in normal young women. Good outcomes have been 
reported with type I and type II aortoarteritis with a low incidence of secondary 
hypertension and IUGR; however, perinatal outcomes in types III, IV and V were 
noted to be poor [29].

Sharma et al. noted the incidence of renovascular hypertension in 3.8% of young 
hypertensives. Of these 59.4% of them were found to have aortoarteritis [30]. Suri 
et al. reported 37 pregnancies in 15 patients of aortoarteritis over 9 years from North 
India. Twenty-seven per cent of women had hypertension at initial presentation. 
Sixty-two per cent of pregnancies were complicated by pre-eclampsia and IUGR 
was reported in 16% patients. There was one maternal death due to accelerated 
hypertension and six preterm deliveries [31]. Garikapati et al. have reported preg-
nancy outcomes in four patients with Takayasu’s arteritis. All these patients had 
chronic hypertension with renal artery stenosis treated with labetalol. One patient 
developed pre-eclampsia, one developed peripartum cardiomyopathy and pulmo-
nary oedema. All patients underwent caesarean section for obstetric complications 
(foetal distress = 1, oligohydramnios = 2 and breech = 2). Of these four, one had 
IUGR [29].

23.6.3	 �Scleroderma

Pregnancy and fertility issues in systemic sclerosis have been discussed in depth by 
Rao et al. [7]. Data from Pradhan from western part of India has presented clinical 
profile of 110 scleroderma patients in 2014. In this study the mean age of evaluation 
was 34.7, duration was 43.7 ± 35.4 year, but there is no discussion on pregnancy-
related outcomes which could be due to higher age of presentation, ±10.7, and mean 
disease [32].

There is no Indian data available in systemic sclerosis.
Other autoimmune diseases causing primary ovarian failure (POF): POF is 

associated with autoimmune diseases and endocrinopathies in 20–30% of cases. 
POF is reported in patients with Addison’s disease (20%), thyroid diseases (9%), 
polyglandular syndromes (2%), rheumatoid disease (1%) and in less than 1% cases 
of systemic lupus erythematosus, vitiligo, myasthenia gravis, insulin-dependent 
diabetes mellitus and Crohn’s disease. Ayesha et al. in their study found 35% (7/20) 
patients with secondary amenorrhoea due to thyroid disorder. Sixty-five per cent of 
patients in this study had low DHEAS levels suggestive of adrenal dysfunction and 
adrenal autoimmunity [33].

To summarise Indian data on pregnancy and rheumatic diseases is scanty at best. 
As treatment modalities progressively improve resulting in longer lifespans and 
reduced morbidity, we as clinicians will be increasingly faced with questions regard-
ing a better quality of life and fertility issues. Currently we have mainly questions 
but hardly any answers and we rely on International studies and our individual 
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clinical judgement to try and provide pregnancy-related issues and peripartum care. 
Needless to say pregnancy counselling does not figure on our landscape except for 
advice to avoid pregnancy in these diseases and while on most medications.

Systematic data collection from observational studies could be a stepping stone 
to a better understanding of the exact incidence and approaches to better outcomes. 
Alternatively multicentric registries could also be the way forward for us to be able 
to provide better care to our patients with rheumatic diseases.

Disclosures  None.
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Abstract
Bone loss in rheumatic disorders is multifactorial. Contributing factors are the 
inflammatory process per se including inflammatory cytokines, traditional clini-
cal risk factors and drugs with glucocorticoids being the leading cause. 
Furthermore, autoimmune rheumatic diseases affect women of childbearing age 
and young men, who may not have attained peak bone mass at the time of diag-
nosis. As rheumatologists we need to be mindful of these factors and optimise 
bone health by addressing modifiable factors and timely implement primary 
prevention.

Keywords
Osteoporosis · Rheumatic disorders

24.1	 �Background

The World Health Organisation defines osteoporosis (OP) as a ‘progressive systemic 
skeletal disease characterised by low bone mass and micro architectural deteriora-
tion of bone tissue’ thereby resulting in an increased risk of fracture due to bone 
fragility, in response to minimal or low velocity force [1].
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Osteoporosis was originally considered to be an age-related disorder, but it is 
clear that this is a heterogeneous condition, involving interplay between endocrine, 
metabolic and mechanical factors. Bone is a target in many autoimmune rheumatic 
disorders (ARDs). Increased survival and better outcomes due to improved care in 
patients with ARDs have brought to light the need for both primary and secondary 
prevention of osteoporosis in this patient group.

The consequences of an osteoporotic fracture can be life changing more so in 
patients with an existing rheumatic disease. Patients can experience further deterio-
ration in functional independence and quality of life, together with increased morbid-
ity and mortality [2]. Therefore, a thorough understanding of the pathogenesis, 
diagnostic strategies, therapeutic options and ultimately prevention of complications 
will result in improved patient care. Although OP has a high prevalence amongst 
patients with ARDs, most do not receive timely and adequate attention towards their 
bone health. This chapter provides an overview of osteoporosis with special reference 
to patients with ARDs.

24.2	 �Epidemiology

Wright et al. evaluated the prevalence of osteoporosis in adults in the USA using 
National Bone Health Alliance (NBHA) diagnostic criteria. Their 2017 study showed 
that 16% of men and 29.9% of women aged 50 years and over have osteoporosis [3].

Osteoporosis can be classified into primary or secondary. Primary or idiopathic 
osteoporosis has been historically classified as postmenopausal. This accounts for 
80% of women and 60% of men with osteoporosis. It results from a combination of 
factors including nutrition, peak bone mass, genetics, level of physical activity, age 
of menopause and oestrogen or testosterone levels. In 20% of women and 40% of 
men, there is a secondary cause [4].

Fragility fractures:

•	 They occur after a fall from standing height or less, or without preceding 
trauma.

•	 The most common sites involved are vertebral, hip and distal radius, but 
can occur at any site within the skeletal system.

World Health Organisation (WHO) working definition of osteoporosis:

Bone mineral density (BMD) that falls 2.5 standard deviations (SD) below the 
mean for a healthy individual (i.e. a T score <−2.5).
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24.3	 �Pathophysiology

Bone consists of a mixture of mineral crystals (60%), organic matrix (30%) and 
cells (10%). It is constantly in a balance between osteoclastic and osteoblastic 
activity, a process known as bone remodelling, resulting in a negligible change in 
bone mass. Peak bone mass is reached usually at the end of the third decade. At this 
point, the balance between bone formation and resorption shifts towards that which 
results in net bone loss.

Osteoclasts remove old and damaged bone, and osteoblasts replace this with new 
bone. The osteoblasts secrete matrix, primarily containing collagen and induce 
calcification. Function and differentiation of these cells is regulated by several 
transcription factors, growth factors, cytokines and matrix proteins.

Osteocytes are the main cells that regulate mineral metabolism during bone 
remodelling. They are former osteoblasts that become trapped during the process of 
bone deposition. They are derived from mononuclear cells of the monocyte/macro-
phage lineage following stimulation by the macrophage colony-stimulating factor 
(M-CSF) and the receptor activator or nuclear factor-kappa B (RANK) ligand 
(RANKL) [5, 6].

Bone remodelling begins with stimulation of quiescent osteoblasts and marks the 
start of the activation-resorption-formation (ARF) sequence [7]. Osteoclast differ-
entiation factors are released, triggering preosteoclast fusion and differentiation to 
multinucleated osteoclasts. These osteoclasts then adhere to the bone surface and 
dissolve bone as part of the resorptive phase. These osteoclasts undergo apoptosis to 
prevent excessive bone resorption. Bone formation is triggered by various growth 
factors stored in bone matrix. Osteoblasts initially produce osteoid (non-mineralised) 
bone matrix and then promote its mineralisation. Regulatory activities of osteoclasts 
and osteoblasts are constantly controlled through direct cell-to-cell contact, via 
extracellular matrix interactions and via the immune system.

Recent literature has confirmed an association between inflammation and bone 
loss. Inflammation has an uncoupling effect on bone resorption and formation. 
Inflammatory cytokines are closely associated with osteoclast physiology. Several 
pro-inflammatory cytokines, TNF-alpha, IL-1 and IL-6, increase the activity and 
maturation of osteoclasts by upregulation of RANKL expression which results in 
proliferation of precursor osteoclastic cells and activation of differentiated osteo-
clasts. The key osteoclastogenic cytokine, RANKL, plays an important role in the 
balance of osteoclasts and osteoblasts. The RANK/RANKL is the central pathway 
involved in bone loss. RANKL expression has been found on some regulatory T 
cells and on B lineage cells [7].

Rapid bone loss and increased fracture risk have been implicated in autoimmune 
rheumatic diseases, for example rheumatoid arthritis, systemic lupus erythematosus 
and ankylosing spondylitis. In the RA population, it has been observed that in 
comparison to the general population, they have a twofold increased risk of devel-
oping osteoporosis; two- to sixfold increase of sustaining a vertebral fracture and 
two- to threefold increase of hip fracture. Individuals with SLE have an estimated 
prevalence of osteoporosis 20% greater than their healthy comparators. Early onset 
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osteoporosis amongst patients with autoimmune conditions can be attributed to a 
range of factors including inflammatory cytokines, use of medications, in particular 
glucocorticoids, and sequelae from the autoimmune condition itself which may give 
rise to immobility and a more sedentary lifestyle. As evidenced by research, various 
molecules have been implicated in bone integrity. Certain cytokines are elevated in 
condition such as RA.  These same cytokines such as IL-6 and TNFA are also 
involved in bone regulation. During chronic inflammation, the balance between 
bone formation and bone resorption has been postulated to be skewed towards 
osteoclast-mediated bone resorption and therefore increasing the risk of fracture.

24.4	 �Risk Factors

In order to optimise bone health in any patient, particularly those with new or known 
ARDs, we need to identify individuals at high risk early and implement measures 
timely. Validated risk factors for fracture prediction that is independent of BMD are 
well known [8]. Risk factors and associated conditions with osteoporosis are shown 
in Tables 24.1 and 24.2. The tables are by no means complete, as they list common 
causes encountered during routine patient care. It is imperative that an accurate 
history and assessment is carried out in every patient with ARDs particularly if there 
is an indication for use of glucocorticoids.

24.5	 �Osteoporosis and Autoimmune Rheumatic Disease(s)

Autoimmune rheumatic diseases affect bone, periarticular soft tissue structures and 
muscle. Bone loss in rheumatic disorders is multifactorial: inflammation, traditional 
clinical risk factors and drug-related factors. Glucocorticoid-induced osteoporosis 
is the leading cause as many patients will need steroids for managing their disease. 
These effective treatments are used widely but act as a double-edged sword being 
implicated with multiple side effects including osteoporosis. It is therefore our 
responsibility to minimise risks using lowest effective dose. Many patients with 

Table 24.1  Risk factors for 
osteoporosis

Modifiable Non-modifiable
Smoking Ethnicity
Alcohol Gender
Dietary calcium Age
Sedentary lifestyle Family history—maternal 

history of hip fracture
Low BMI/eating 
disorder

Medical co-morbid conditions

Premature menopause Late menarche
Medications (see below) Previous fragility fracture(s)
Chronic malnutrition
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ARDs are women of childbearing age and young men, who may not have reached 
their peak bone mass at the time of diagnosis. We need to be mindful that treatments 
such as glucocorticoids and the disease itself may limit the maximum bone mass 
potential [9, 10]. As glucocorticoid use is the leading cause of poor bone health in 
patients with ARDs, a separate section on glucocorticoid-induced osteoporosis 
follows.

Osteoporosis in RA is of two types—localised to affected/inflamed joints(s) and 
generalised (systemic). Localised OP reflects disease activity. Generalised OP is 
multifactorial: inflammatory cytokines (TNF-alpha, IL1, IL6) affecting osteoclast 
physiology through RANKL-mediated and Wnt-signalling pathways; drugs used to 
manage RA (glucocorticoids) and traditional clinical risk factors (reduced mobility, 
female sex, low BMI, vitamin D deficiency). Effective use of disease modifying drugs 
antirheumatic drugs (DMARDs) and biologic agents can lead to significant decrease in 
bone resorption, improve bone formation by controlling active inflammation and 
inflammatory cytokine production. Poor control of disease or delays in initiating treat-
ment leads to bone erosion, deformity, reduced mobility that impacts outdoor exposure 
to sunlight and vitamin D synthesis. Furthermore, inability to participate in weight-
bearing and muscle-strengthening exercises increases risk of falls and fractures.

SLE predominantly affects women of childbearing age. OP in SLE is multifacto-
rial. Risk factors include traditional clinical risk factors (age, low BMI, irregulari-
ties in menstrual cycle due to altered female sex hormone status), metabolic factors 
(vitamin D deficiency, hyperhomocysteinaemia and altered thyroid hormone), use 
of drugs (steroids, cyclosporine, tacrolimus) and effects of inflammatory cytokines 
(TNF-alpha, IL-1, IL-6) on RANKL expression that affects the activity and matura-
tion of osteoclasts. Patients with SLE are advised to use adequate UV sun protection 
with a high sun protection factor. Whilst this may reduce disease flares, it will limit 
the amount of sun exposure and vitamin D synthesis. If such patients also have 
Raynaud’s, they are more likely to wrap up warm further reducing sun exposure 

Table 24.2  Associations with osteoporosis

Medical conditions Drugs
Autoimmune rheumatic diseases Glucocorticoids
Hypogonadism GnRH analogues
Coeliac disease SERMs
Inflammatory bowel disease Antiandrogen therapy
Hyperparathyroidism Long-term heparin
Type 1 diabetes Proton pump inhibitors
Hyperthyroidism Hypoglycaemic agents
Acromegaly Chemotherapeutic agents
Hyperprolactinaemia Thyroxine
Hyper-adrenalism Antipsychotics
Osteogenesis imperfecta Selective serotonin reuptake inhibitors
Chronic liver disease Lithium
Chronic kidney disease
Malignancy
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[11]. Glucocorticoids are widely used in SLE. Whilst they can be life-saving, dose-
dependent bone loss, especially at sites rich in trabecular bone, for example verte-
brae, is well known. Use of calcineurin inhibitors (cyclosporine and tacrolimus) that 
impair vitamin D activation pathway and renal calcium transport can lead to further 
impairment of the normal physiological effects of vitamin D with detrimental 
effects on calcium homeostasis, bone mineralisation and remodelling as well as 
neuromuscular function. Other drugs used in SLE that play a role in bone loss are 
anticonvulsants, oral anticoagulants and heparin.

Osteoporosis in spondyloarthropathies, of which ankylosing spondylosis is a 
prototype, is the most prevalent comorbidity with prevalence of spinal osteoporosis 
reported to range between 19 and 50%. Like other ARDs, OP is multifactorial with 
inflammatory cytokines playing a key role. There is a strong correlation between 
bone turnover, pro-inflammatory cytokines and acute phase reactants. Reduced 
mobility, vitamin D deficiency, low sex hormone levels in addition to traditional 
clinical risk factors contribute to OP in AS.  Glucocorticoids are used sparingly 
hence do not play a major role. The use of long-term glucocorticoids is less in AS 
compared to other ARDs; TNF inhibitors have been shown to have a protective 
effect on bone loss [12].

Data on BMD and rates of fracture in other ARDs is scanty. Patients who have 
calcinosis as part of systemic sclerosis have higher rates of osteoporosis, despite 
lower rates of glucocorticoid use than those patients without calcinosis. The 
pathogenesis of osteoporosis in this group remains unclear, but impaired bone 
metabolism has been recognised [13].

In summary, OP in ARDs is multifactorial. These include traditional clinical risk 
factors (age, BMI, gender, mobility, Vitamin D deficiency, menopausal status), 
drugs used in treating the condition with glucocorticoids being the major contribu-
tor, and inflammatory cytokines related to disease activity. Most studies support the 
role of RANK-mediated and Wnt-signalling pathways in bone loss. Tight control of 
the underlying inflammatory rheumatic disorder is the first step towards primary 
prevention in addition to addressing modifiable lifestyle factors and early bone 
protection when using glucocorticoids.

24.5.1	 �Assessment

Aim is to identify individual at high risk for OP to guide investigations and draw 
appropriate management plan for both primary and secondary prevention. This sec-
tion covers the generic workup of any individual where bone health is an issue and 
is equally applicable to patients with ARDs. The initial assessment involves a thor-
ough history of past and present medical conditions, lifestyle factors, drug history 
and family history (refer to Tables 24.1–24.3). Examination (Table 24.4), laboratory 
tests (Table 24.5) and radiological investigations help identify modifiable factors 
and exclude OP mimics. This can range from a benign correctable disorder, for 
example vitamin D deficiency, to a more significant condition like myeloma [14].
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24.5.2	 �Laboratory Investigations

If the clinical situation permits and it is feasible, ideally one should aim to obtain 
serum samples at baseline to exclude any underlying treatable condition that may be 
associated with osteoporosis (for example Vitamin D deficiency), exclude a disorder 
mimicking osteoporosis (myeloma) and to assist monitoring therapy with bone 
agents (bone markers). Table 24.5 lists investigations recommended in all patients 
and specifies additional that may be considered during special situations.

Table 24.3  History taking in patients with osteoporosis

Current history Nature of fall leading to fracture
History of recurrent falls (>3/year)
Back pain—acute/acute on chronic
Loss in height (subclinical vertebral fracture)
Level of mobility
Systemic symptoms to exclude malignancy
Planned dental procedures—implants

Past medical 
history

Previous low trauma fractures
Medical conditions increasing risk—see Table 24.2
Women: Menstrual history (age of menarche/menopause, prolonged periods 
of amenorrhea, use of Depoprovera)
Previous surgery: oophorectomy
History of any malignancy and radiotherapy to skeleton
Reflux, GI ulcer and/or bleed, DVT/PE (impacts choice of bone agent)

Family history Osteoporosis
Maternal hip fracture

Drug history See Table 24.2
Previous bone agents and total duration of therapy (assist duration of 
treatment and drug holiday)
Men: antiandrogen therapy
Women: HRT, GNRH analogues, aromatase inhibitors, tamoxifen

Social history Smoking history
Alcohol intake
Diet (calcium/vitamin D)

Table 24.4  Examination spe-
cific for bone health 
assessment

Height (monitor any loss in height 
over time)
BMI
System review particularly breast 
examination (in women)
Spinal examination—Dowager’s 
hump
Timed Get up and go test
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24.5.3	 �Imaging

The gold standard for assessing bone health is dual energy X-ray absorptiometry 
(DEXA). BMD is measured at two sites in the hip (total hip and femoral neck) and 
at the lumbar spine (L1–4). Results need to be interpreted with caution, especially 
in patients with rheumatic disorders such as osteoarthritis (hip OA, degenerative 
disc disease) and/or metal work (joint replacement surgery, discectomy) it will 
affect the results. In patients suspected to have primary hyperparathyroidism, the 
radius is the preferred site for DEXA. In patients with wrist arthritis and/or reduced 
upper limb function measurements at this site will need to be interpreted with cau-
tion. In the elderly (over 65 years of age), vertebral fracture assessment (VFA) is 
recommended in all patients due to high risk of subclinical vertebral fractures. This 
is particularly true for patients with rheumatic disorders on steroids. Knowledge of 
presence and number of vertebral fractures is vital as it affects choice of bone agent 
and duration of therapy.

Measurements are given as a total BMD level (g/cm2), Z score (age-matched 
standard deviation from the mean) and T score (standard deviation from young adult 
at peak bone mass). VFA results list site and morphometry of vertebral fracture(s). 
Diagnosis is based on definitions detailed in Table 24.6. DEXA scans are ideally 
performed at baseline and then at intervals on treatment, no more frequently than 
18 months. Most centres now monitor using bone markers (CTx, PINP) and repeat 
BMD measurements at 5 years. In young patients with ARDs, use of DEXA and its 
measurements needs to be interpreted with caution as individuals may not have 

Table 24.5  Laboratory investigations in a patient suspected may have osteoporosis

Blood tests Urine tests
In all patients:
Full blood count
Urea and electrolytes
Liver function tests
Bone profile—Ca, Vit D, Alk Phos
Thyroid
Bone turnover markers—CTx, PINP (for 
teriparatide)
Erythrocyte sedimentation rate—suspect 
myeloma, malignancy

Special situations:
Bence Jones protein
Urinary calcium excretion  
Urinary bone turnover markers

In the very elderly:
Parathyroid hormone
In men:
Male sex hormones—testosterone, SHBG, LH
In patients with vertebral fracture(s):
Serum electrophoresis
PSA (in men)
Special situations:
Tissue transglutaminase antibodies
Serum tryptase
Serum prolactin
Genetic testing for osteogenesis imperfecta
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reached peak bone mass making Z scores a better guide for assessing bone health in 
these patients.

Plain radiographs may be relevant if clinically indicated in the event of a frac-
ture. Radiographic osteopenia should neither form the basis of the diagnosis nor 
warrant investigations unless accompanied by traditional clinical risk factors for 
poor bone health. The latter may prompt further investigation. Lateral spine radio-
graphs may be considered when suspicion of vertebral fracture is high and not defi-
nite on VFA. Spinal MRI scan may be required in special situations to distinguish 
osteoporotic fractures from pathological ones. Plain radiographs are occasionally 
requested in special situations, for example very high BMD or patients with 
spondyloarthropathies.

24.6	 �Glucocorticoid-Induced Osteoporosis

It is estimated that approximately 1–2% of the general population at any given time 
are receiving long-term glucocorticoid treatment. Amongst patients with ARDs this 
rate is higher. The effect of glucocorticoids on bone is well known. The biggest 
contributor to the causes of secondary osteoporosis is now glucocorticoid related. 
The vast majority of patien`ts with autoimmune conditions will require glucocorti-
coids at some stage in their disease journey. At the start of treatment, often the 
steroid dose is at its highest and is then tapered with the aim to discontinue. Within 
the first 3–6 months of initiation of glucocorticoid therapy, there is rapid bone loss 
and an increased fracture risk. Vertebral fractures are characteristic, although the 
overall fracture risk is also increased [15–17].

A review by Balasubramanian et al. showed that the risk of vertebral fractures in 
this group was highest at the start of treatment and decreased over time. It therefore 
follows that timely intervention with bone protection (lifestyle and drugs) is key to 
maintaining long-term bone health in patients with ARDs needing steroids. It is 
unclear whether the fracture risk returns to the baseline risk after discontinuation of 
steroid therapy, but Balasubramanian showed that the fracture risk after 12 months 
of discontinuation of therapy was similar to those who were non-glucocorticoid 
users [18].

Rapid bone loss can be attributed to a combination of increased bone turnover 
and negative bone remodelling. There is upregulation of the peroxisome proliferator-
activated receptor gamma 2 (PPARG2) and effects on the Wnt/B-catenin signalling 
pathway, resulting in a favoured differentiation of pluripotent cells to adipocytes 
rather than osteoblasts. There is increased expression of sclerostin. In mice with 

Table 24.6  National Osteoporosis 
Foundation—guidance on T score 
values

Definition T scores
Normal bone 
density

Above −1.0

Osteopenia Between −1.0 and −2.5
Osteoporosis Less than −2.5
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sclerostin deficiency, it has been shown that the effects of glucocorticoids on the 
bone can be mediated [17].

Proposed mechanisms for indirect effects on bone include hypogonadism, 
reduced physical activity, increased renal and intestinal losses of calcium, and 
reduced production of growth hormone and insulin-like growth factor. The underly-
ing autoimmune condition itself is associated with pro-inflammatory and 
pro-resorptive cytokines. It has been well established that long-term glucocorticoid 
use has been linked to reduced muscle mass and myopathy which further leads to 
increased falls and fracture.

My approach to patients with ARDs likely to need glucocorticoids (any dose) for 
duration greater than 3 months is to assess their bone health, and if at high risk of 
osteoporosis or fractures co-prescribe bone protection. Lifestyle advice, adequate 
calcium either by diet or by supplements and adequate vitamin D need to be 
implemented in all individuals prescribed steroids. For those patients with ARDs at 
high risk of fracture, bone agents are prescribed taking into consideration factors 
like age, gender, renal function and comorbidities. A more in-depth discussion on 
therapeutic options is discussed later.

24.7	 �Fracture Risk Assessment Tools

The National Institute of Clinical and Healthcare Excellence (NICE) [19] recommend 
the use of assessment tools (FRAX or QFracture) to estimate absolute risk of fracture 
in individuals at high risk of poor bone health. In the UK since 2008, FRAX score [20] 
in combination with NOGG (National Osteoporosis Guidance Group) guides 
clinicians on the threshold for treatment. Like any assessment tool, there are caveats. 
In the very elderly, FRAX may underestimate the short-term fracture risk [21]. 
Similarly, FRAX does not take into account multiplicity of fragility fractures, dose 
and duration of oral glucocorticoids, excess alcohol and falls risk thereby underesti-
mating the absolute risk of fracture [22]. FRAX is not validated for use for those under 
40 years of age. These caveats need to be borne in mind in patients with ARDs as they 
are often young and require high doses of steroids. Compston has postulated that an 
adjustment be made for those on long-term glucocorticoid therapy, for example if a 
patient is taking more than 7.5 mg/day of prednisolone, the average adjustment for a 
major osteoporotic fracture probability is increased by 15% [17].

Fracture risk is an ongoing and potentially changing factor of a person’s health 
that needs to be reviewed. NICE suggests recalculating the fracture risk if either the 
risk factors have changed or a person has undergone 2 years of treatment [19].

24.8	 �Management

The mainstay of treatment is early identification of patients at risk of poor bone 
health and timely intervention using combination of lifestyle advice and pharmaco-
logical treatment. This aims to prevent any further bone loss and reduce risk of 
fractures and associated healthcare and social costs.
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24.8.1	 �Lifestyle Measures

The importance of patient education in the management of osteoporosis is paramount 
to ensure compliance and adherence to change in lifestyle factors and bone agents. 
Individuals should be advised to drink in moderation and to quit smoking. Weight-
bearing and muscle-strengthening exercise should be encouraged, the simplest 
being brisk walking. Where required, a falls risk assessment should be performed. 
Of note, although regular weight-bearing exercise is advised, it has not shown to 
reduce fracture risk, but does have positive effects on BMD [23].

24.8.2	 �Vitamin D and Calcium

The ideal calcium intake is between 1000 and 1500 mg/day. Where possible this 
should be by diet, otherwise supplements. Calcium intake alone has not been shown 
to reduce fracture risk, but when combined with Vitamin D, there is a small reduction 
in hip and non-vertebral fractures, possibly extending to vertebral fractures.

Exposure to sunlight half an hour three times a week in summer months should be 
adequate in most patients to achieve adequate vitamin D levels. However, in popula-
tions where vitamin D by natural sunlight is difficult to achieve (frail elderly in nursing 
homes, patients with limited mobility or wheelchair bound, patients with lupus where 
sun exposure is not recommended, patients with medical disorders such as chronic 
kidney disease affecting vitamin D metabolism), Vitamin D supplementation is advised 
aiming for serum Vitamin D levels above 50 nmol/L. Vitamin D and calcium should be 
co-prescribed to patients with ARDs starting glucocorticoid therapy.

24.8.3	 �Bisphosphonates

Bisphosphonates are antiresorptive and the mainstay of pharmacological treatment 
as they are efficacious in reducing vertebral and hip fracture. Alendronic acid 
(70 mg) and risedronic acid (35 mg) are weekly oral tablets. For patients that are 
unable to tolerate oral bisphosphonates or in whom oral are contraindicated (patients 
with previous gastrointestinal bleed, oesophageal stricture, achalasia or ulcers), 
intravenous Zoledronic acid infusion is an alternative. Zoledronic acid, a 5 mg intra-
venous infusion, is administered once yearly or every 18 months. A single infusion 
of the drug is useful to consider in patients with ARDs where exposure to 
glucocorticoid is likely for a defined duration, for example polymyalgia rheumatic. 
It is also a useful choice in the very elderly, patients on polypharmacy and where 
compliance or adherence to treatment is likely to be an issue.

Bisphosphonates are contraindicated in patients of childbearing potential, those 
with hypocalcaemia and severe renal impairment (defined as GFR ≤35 mL/min for 
alendronate, ≤30 mL/min for all other bisphosphonates). Reports of osteonecrosis of 
the jaw (ONJ) and atypical femoral fractures have led to increased awareness of these 
rare complications and need for monitoring. Glucocorticoid use increases risk of ONJ 
in patients with ARDs on bisphosphonates. It is therefore recommended that patients 
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undergo any planned major dental procedure or dental implants prior to commencing 
treating, and maintain good oral hygiene whilst on treatment. Patients should be 
encouraged to be vigilant to monitor for symptoms of dental mobility and for symp-
toms suggestive of an atypical femoral fracture such as thigh, hip or groin pain [24, 25].

Based on expert opinion, bone health in patients on treatment is reviewed after 
5 years of oral bisphosphonate therapy, or three infusions of intravenous bisphos-
phonate or earlier if patient sustains a fragility fracture. Total duration of therapy 
with bone agent is usually 5 years. In patients with vertebral fracture(s) or ongoing 
risk factors for osteoporosis (for example ongoing use of glucocorticoids), treat-
ment can be extended for 7–10 years before considering drug holiday.

24.8.4	 �Parathyroid Hormone (Teriparatide)

Teriparatide is a recombinant human parathyroid hormone [PTH] 1–34 and is avail-
able as a self-administered daily subcutaneous injection at a dose of 20 ng/day. It is 
the only bone-forming agent and hence ideal for subpopulation of patients with 
ARDs who have severe osteoporosis, multiple vertebral and peripheral fractures and 
requiring steroids. However, because of its high cost, its use is limited to patients at 
very high risk of fracture and hence in the UK not permitted for use as first-line 
therapy for osteoporosis—see Table 24.7. Treatment is limited to 24 months and 
co-prescribed with vitamin D (800–100 IU/day) and calcium (if not adequate by 
diet). It is contraindicated in patients with hypercalcemia, pregnancy and lactation, 
severe renal impairment, metabolic bone disease other than osteoporosis, prior radi-
ation or malignancies affecting the skeleton. Monitoring of compliance and efficacy 
is best done by measuring bone markers (PINP) at 3 months, 6 months, 1 year and 
on completion of treatment. Side effects include headaches, nausea, transient hyper-
calcemia, dizziness and postural hypotension [26].

24.8.5	 �Denosumab

Denosumab is a fully humanised monoclonal antibody against RANKL and is 
administered as subcutaneous injection 6 monthly. It is licensed both for primary 
and secondary prevention of fragility fractures. Common side effects are injection 
site cellulitis and hypocalcaemia. It is a useful bone agent in patients where bisphos-
phonates are contraindicated due to poor renal function or the frail elderly with low 
BMI affecting Cockgroft Gault GFR. Due to high risk of hypocalcaemia with this 
drug in this group of patients, it is imperative that serum calcium is checked prior to 

Table 24.7  Indications for use of teriparatide (NICE, UK)

Age T score
Number of fractures whilst on 
treatment

55–64 years −4 or below 2+
>65 years −4 or below Any
>65 years −3.5 or below 2+
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initiation of treatment, and 7–14  days after Denosumab is given. ONJ has been 
reported similar to other bone agents. Unlike bisphosphonates, BMD increases year 
on year for total duration of denosumab therapy making it the bone agent of choice 
in a subgroup of patients with ARDs who have very low T scores. In contrast to 
bisphosphonates, on cessation of denosumab therapy, rapid bone loss and increased 
risk of vertebral fracture have been reported. One of the measures employed to 
overcome this is sealing the gain in BMD with a single infusion of Zoledronic acid.

24.8.6	 �Raloxifene

Raloxifene is a selective oestrogen receptor modulator which inhibits bone resorp-
tion and reduces risk of vertebral but not hip fractures. It is a 60 mg daily tablet, but 
because of the plethora of bone agents that offer fracture risk reductions at all sites, 
use of raloxifene is limited to a subgroup of women with high risk of vertebral frac-
tures and who may also have a family history of breast cancer. It should be used 
with caution in those patients with a history of strokes or risk factors for stroke.

24.9	 �Conclusion

Osteoporosis in autoimmune rheumatic diseases is common and multifactorial with 
inflammatory cytokines and glucocorticoid use being the major contributory fac-
tors. Osteoimmunology has provided some insights into the pathogenic mechanism 
of osteoporosis in ARDs with RANKL-mediated and Wnt-signalling pathways 
affecting osteoclast differentiation, function and apoptosis leading to uncoupling of 
bone with excess bone resorption. Clinicians involved in the care of patients with 
ARDs should be proactive in early identification of patients at high risk of osteopo-
rosis. In addition to tight control of the underlying rheumatic disorder, early inter-
vention to address bone health in this high-risk group is paramount. It is regrettable 
that although osteoporosis has a high prevalence in patients with rheumatic disor-
ders and rheumatologists are the biggest users of steroids, most patients still do not 
receive timely assessment of their bone health. All patients should be encouraged to 
lead an active healthy lifestyle, ensure adequate dietary calcium (if not supple-
ments), aim vitamin D levels >50 nmol/L and in the subgroup at high risk initiate 
bone agents (bisphosphonates, denosumab). With increased survival and better out-
come of patients with rheumatic diseases if untreated osteoporosis and its sequelae 
will constitute the major cause of morbidity and mortality in this population.
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Abstract
The relationship between autoimmune diseases and menopause is complex. 
While deleterious effects of menopause on cardiovascular, genitourinary, skele-
tal, and central nervous systems due to deficiency of gonadal hormones can con-
tribute to morbidity in autoimmune diseases, autoimmune diseases as well as 
their treatment per se can accelerate or predate development of menopause. 
Furthermore, diagnosis of autoimmune disorders may be difficult in the setting 
of menopause due to overlapping signs and symptoms. In this chapter we discuss 
the complex relationship between menopause and common autoimmune dis-
eases. We also discuss the effects of menopause on common autoimmune dis-
eases and vice versa and also menopausal hormone therapy.

Keywords
Menopause · Hormone replacement therapy · Autoimmune disease

25.1	 �Introduction

Menopause is defined as absence of menses for more than 12 months. The median 
age of occurrence of menopause in Indian women (45.6  years) is lower when 
compared to Western women [1, 2]. Occurrence of menopause is a significant event 
in the life of women because of its impact on their clinical, hormonal and psycho-
logical well-being. With increase in life expectancy, an average woman is expected 
to spend one-third to one-fourth her life in menopausal phase. Thus, need of 
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awareness about problems associated with menopause and their management cannot 
be overemphasized.

Recent years have seen a renewed interest regarding impact of autoimmune 
diseases on reproductive health of women especially menopause as this is a period 
of significant endocrinal transition. This may be due to effect on immune system of 
deranged hormonal milieu and cytokines. Not only have several autoimmune 
diseases been reported to be associated with premature menopause, the hormonal 
changes associated with menopause by themselves may further aggravate dysfunc-
tion of organs which have already been affected by autoimmune disease. While 
relationship between premature menopause and autoimmune disorders is well 
defined for some autoimmune disorders such as systemic lupus erythematosus 
(SLE), it remains speculative for some others [3]. In this chapter we briefly review 
association between various autoimmune disease and menopause.

25.2	 �Clinical, Hormonal and Immunological Changes 
Associated with Menopause

Menopause is associated with significant changes in hormonal, clinical and immu-
nological status.

25.2.1	 �Hormonal Changes

The onset of menopause is characterized by severe reduction in serum levels of 
estradiol with age owing to depletion of oocytes though apoptosis and resultant 
decrease in production of estrogens by granulosa cells. However small amounts of 
estrogen continue to be produced by ovarian stroma. The estrone is decreased to a 
lesser extent. The decrease in serum levels of estrone is less marked as it is derived 
from peripheral aromatization of androgens whose levels decline more slowly. 
Correspondingly there is increase in serum levels of follicular-stimulating hormone 
(FSH) (>40 IU/mL) and to a lesser extent of luteinizing hormone (LH) (<20 IU/L) 
due to removal of negative feedback inhibition of estrogens. In addition, there may 
be slight decrease in serum levels of prolactin [3].

25.2.2	 �Clinical Changes

The reduction in serum levels of estrogens results in significant effects of skeletal, 
cardiovascular, genitourinary and central nervous systems. These changes include 
the following.

25.2.2.1	 �Skeletal Changes
Menopause is associated with decrease in bone mineral density (BMD). While 
during the premenopausal years BMD decreases on an average by 0.13% per year, 
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it decreases by a rate of 2.5% per year during the perimenopausal years and by 1% 
per year during the postmenopausal years [4]. This rapid loss of BMD predisposes 
postmenopausal women to increased risk of fractures. As autoimmune diseases 
themselves pose a high risk of fractures owing to chronic inflammation and use of 
cytotoxic drugs as well as steroids, the risk of fractures is further increased in 
postmenopausal women with autoimmune diseases. In addition approximately 48% 
of menopausal women complaints of rheumatic pains and approximately 34% com-
plain of pain and aches in neck and back [5]. All these symptoms are well known in 
autoimmune diseases and can lead to diagnostic confusion.

25.2.2.2	 �Genitourinary Changes
Onset of menopause is associated with up to 30% decrease in collagen mass. This 
decrease in supporting connective tissue can result in vaginal and/or uterine 
prolapse, urinary incontinence and bladder irritability. Overall 20–40% of women 
experience some kind of genitourinary problem during menopause. In addition 
vaginal dryness and atrophy can result in dyspareunia. All these symptoms can be 
more troublesome in patients with autoimmune disease such as Sjogren’s syndrome 
or SLE [3, 6].

25.2.2.3	 �Cardiovascular Effects
Estrogens exert several beneficial effects of cardiovascular system. Accordingly risk 
of cardiovascular disease is lower in premenopausal women compared to men of 
same age. Both progesterone and estrogens exert a direct effect on blood vessels 
through their receptors. Decrease in the levels of estrogens during postmenopausal 
years is associated with increased low-density cholesterol and serum levels, reduced 
carbohydrate tolerance, decreased prostacyclins synthesis, increased endothelin 
levels, decreased nitric oxide synthetase activity as well as decrease in the amount 
of blood flow in all the major vascular beds. All these result in increased cardiovas-
cular risk in postmenopausal and by 70 years of age risk of cardiovascular events in 
women reaches the same as in men. Needless to say, cardiovascular risk is further 
increased in postmenopausal women from autoimmune diseases owing to chronic 
inflammation, treatment-related side effects as well as direct involvement of cardio-
vascular in autoimmune disease process [7, 8].

25.2.2.4	 �Central Nervous System (CNS) Effects
The effects of estrogens on CNS are complex. A positive correlation has been well 
documented with estrogens and cognition as well as mood. Accordingly decrease in 
estrogens levels during menopause is often associated with changes in mood [3]. In 
one study from India, the common neurological symptoms associated with meno-
pause included irritability (36.4%), sleep disturbance (36.4%), forgetfulness 
(34.1%), depression (29.8%), anxiety (28.9%), poor concentration (13.7%), loss of 
interest in most things (13.1%), and crying spells (10.7%) [8]. The abnormal hypo-
thalamic thermoregulatory response due to decrease in the levels of estrogens results 
in hot flushes seen in approximately 53% of menopausal women. Furthermore, 
approximately 53% of menopausal also complain of cold sweats [5]. All these 
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symptoms increase the likelihood of mistaking autoimmune disease process for 
menopause and vice versa. Similarly it may be difficult to differentiate cognitive 
deficits due to normal menopause from those induced by autoimmune diseases.

25.2.3	 �Immunological Changes

Estrogen decline associated with menopause leads to several changes in immune 
system. Notably serum concentrations of pro-inflammatory cytokines such as 
interleukin 1 and 6 and tumor necrotic factor alpha are increased, while there is con-
comitant decrease in serum concentrations of anti-inflammatory cytokines. These 
changes in cytokines are similar to those reported in many autoimmune disorders 
such as multiple sclerosis [9] and are mediated through estrogen receptors (ERα and 
ERβ) present on immunocompetent cells such as T and B lymphocytes, macrophages 
and dendritic cells [10]. In addition there is decrease in concentrations of CD4+ 
helper T cells, decrease in activity of natural killer cells, while the inflammatory 
response to pro-inflammatory cytokines is enhanced. All these changes in immune 
system lead to complex effects on overall inflammatory response. The reduction in T 
helper cell levels is likely to result in mitigation of disease activity in lupus, but 
aggravation of disease activity in rheumatoid arthritis. Hormone replacement therapy 
may mitigate some of these immune changes [9, 10].

25.3	 �Premature Ovarian Insufficiency (POI) 
and Autoimmunity

Autoimmunity does play a role in causation of POI in some patients. POI is defined 
as amenorrhea of at least 4 months duration in women less than 40 years of age in the 
presence of low serum estrogen levels and high serum gonadotropin levels, i.e., 
serum FSH levels of >40 mIU/mL on at least two separate occasions. Thus POI is 
characterized by amenorrhea, anovulation and infertility along with deficiency of 
female sex hormones [11]. Affecting approximately 0.3% of women in general 
population, this syndrome can result from a variety of etiologies such as chromo-
somal aberrations, genetic abnormalities, metabolic problems, environmental issues, 
toxin exposure, and infections and drugs. However cause remains to be determined 
in a substantial number of cases and these patients are classified as idiopathic. 
According to an estimate based on the presence of antiovarian antibodies, lympho-
cytic oophoritis, and coexistence of other autoimmune disorders, autoimmunity 
accounts for approximately 4–30% of idiopathic cases of POI [12, 13].
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25.3.1	 �Antiovarian Antibodies

Since first discovery of antiovarian antibodies by Vallotton and Forbes in 1996 [14], 
several authors have documented the presence of different autoantibodies in sera of 
women with POI. Presence of these autoantibodies is associated with increased risk 
of POI. Several different autoantibodies which have been described in association 
with POI are outlined below.

Steroid cell antibodies are polyclonal IgG immunoglobulins directed against 
cells of various endocrine glands (adrenal cortex, testicular Leydig cells, placental 
syncytiotrophoblasts and ovarian theca cells) which produce steroids. Their main 
antigenic targets include 17-alpha-hydroxylase, 21-hydroxylase, and cytochrome 
p450 side-chain cleavage. Steroid cell antibodies are present in 60% of autoim-
mune polyglandular syndrome type 1, 25–40% of patients with 60% of autoim-
mune polyglandular syndrome type 2, 60–87% of women with POI in association 
with Addison disease, and 3–10% of patients with isolated POI [13]. Thus, while 
steroid cell antibodies are often positive in women who develop POI in addition 
with Addison’s disease, these are often absent in women with isolated POI or with 
autoimmune diseases other than Addison disease. Accordingly the presence of 
steroid cell antibodies can serve as a marker for development of POI in women 
with autoimmune Addison disease [15] and not in women with isolated POI or 
with other autoimmune disorders.

Studies evaluating the presence of anti-gonadotropin antibodies (e.g., antibodies 
against beta subunit of FSH) and anti-gonadotropin receptor antibodies in women 
with idiopathic POI have yielded conflicting results. Accordingly their exact clinical 
and diagnostic significance remain to be determined [13].

Antibodies directed against zona pellucida (ZP) of oocyte have been reported in 
sera of patients with POI [16, 17]. Molecular structure of ZP consists of several glyco-
proteins which can serve as strong antigens for induction of antibodies. Anti-ZP 
antibodies produce their effects through impaired interaction between oocyte and gran-
ulose cells. However exact significance of these antibodies remains to be determined, 
and future study is needed to further clarify their role in women with POI [16, 17].

Antibodies directed against cytoplasmic components of oocyte are also reported 
in women with POI. The various targets which can act as a putative antigen include 
MATER (maternal antigen that embryo require), aldehyde dehydrogenase 1A1, 
selenium binding protein 1, and heat shock protein 90. These antibodies however 
can also be found in sera of healthy women as well as in women with other inflam-
matory, autoimmune and neoplastic illnesses [3].

Overall prevalence of anti-ovarian antibodies varies widely ranging from 3% to 
66% of women with POI.  This coupled with high false-positive results (poor 
specificity) and poor correlation between serum antiovarian antibody titer and 
severity of disease puts a question mark on their diagnostic as well as prognostic 
utility. Accordingly Khole [18] suggested that it will be wrong to make diagnosis of 
autoimmune POI based solely on presence or absence of antiovarian antibodies. 
Thus, currently there is no valid serum biomarker to confirm or refute the diagnosis 
of autoimmune POI.
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25.3.2	 �Histological Evidence of Lymphocytic Oophoritis 
in Women with POI

Approximately 10% of ovarian biopsies taken from women with POI with normal 
karyotype show evidence of autoimmune involvement of ovaries in the form of cells 
(macrophages, natural killer cells, B lymphocytes, T lymphocytes, and plasma 
cells) infiltrating ovarian follicles [19]. Notably there is lymphocytic infiltration of 
theca cells of developing follicles while primary and primordial follicles remain 
speared. Autoimmune oophoritis is usually present in women having POI in asso-
ciation with Addison disease and only rarely in POI. Though advanced stages of 
autoimmune oophoritis are characterized by follicle depletion, there are many 
developing follicles in early stages and this may partly explain the beneficial effects 
of immunosuppressive therapy in some of these patients [20].

The demonstration of autoimmune oophoritis remains a matter of controversy. 
Some authors believe ovarian biopsy as gold standard for demonstration of autoim-
mune oophoritis [20]. They believe that serum hormonal profiles and ultrasonographic 
assessment of ovary are insufficient for diagnosis. Moreover, ovarian biopsy can act 
as response to immunosuppressive therapy by showing presence of developing 
follicles as marker of response to treatment compared to follicular depletion in 
advanced stages of autoimmune oophoritis [20]. Others believe that this procedure is 
costly and invasive and biopsy may not be representative of follicular density in entire 
ovary. They suggest the use of noninvasive tests (ultrasonography of ovaries and anti-
ovarian antibodies) for the diagnosis of lymphocytic oophoritis. As per them, anti-
ovarian antibodies especially steroid cell autoantibodies are usually positive in women 
with lymphocytic oophoritis [3, 21]. Others have also suggested use of anti-adrenal 
cortical autoantibodies as a marker for the presence of lymphocytic oophoritis in 
women with POI [22].

25.3.3	 �Presence of Other Autoimmune Diseases in Women 
with POI

POI has been reported in association with many organ-specific and systemic auto-
immune diseases, notably hypothyroidism (25–60%), diabetes mellitus (2.5%), and 
Addison disease (2.5–20%). Overall approximately 10–55% of women with POI 
have associated autoimmune disease [18, 19]. Approximately 10–20% of women 
with Addison disease develop POI, probably due to common autoantigen evoking 
antibodies against steroid-producing cells in adrenal cortex and ovary. 60–70% of 
women with Addison disease in association with POI have anti-steroid cell antibod-
ies [3, 23]. In fact antibodies against 17 alpha hydroxylase and cytochrome P450 
side chain can predict occurrence of POI in women with Addison disease, while 
antibodies against 21 hydroxylase can predict occurrence of Addison disease in 
women with POI. Based on above observations it is prudent to screen all women 
with POI for adrenal cortical dysfunction, thyroid dysfunction, and glucose intoler-
ance [3, 23]. Other autoimmune diseases with high incidence of POI include 
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autoimmune polyglandular syndrome type 1 and 2, with presence of anti-steroid 
cell antibodies (especially 17 alpha hydroxylase and cytochrome P450 side-chain 
autoantibodies) being marker for development of POI in these disorders [3].

	(a)	 Standard treatment of infertility may fail in presence of autoimmune POI: It has 
been widely recognized that results of treatment for infertility are far less 
impressive in presence of ovarian autoimmunity [24]. This conclusion stems 
from the fact in vitro fertilization (IVF) procedures often fail in the presence of 
antiovarian antibodies [16, 24, 25]. Thus, Khole recommended screening for 
antiovarian antibodies in women who respond poorly to standard IVF protocols 
[18]. Other authors [12, 26] have recommended antiovarian antibody profile as 
routine workup for all infertility patients to predict risk of gonadal failure in 
future and a chance to retrieve oocyte at early stage of illness. However there is 
need for well-conducted studies before IVF protocols can be developed on basis 
of antiovarian or other autoantibody profile.

25.3.4	 �Immunosuppression in POI

Though there is enough evidence for role of autoimmunity in POI in at least some 
women, immunosuppressive treatment even in this select group of women often 
fails to yield good results [19]. The current recommendations for use of immuno-
suppressive agents in management of POI are based on case series, and these 
recommendations are not based on well-conducted randomized controlled trials. 
Nevertheless, response to treatment is poor in most instances.

To conclude thought here is ample evidence that autoimmunity does play a role in 
POI in at least some women; there is lack of well-controlled studies in this subject. 
Further elucidation of mechanisms of anti-ovarian antibody-mediated ovarian damage 
in autoimmune POI may help in better development of diagnostic and treatment pro-
tocols. There is a need to develop noninvasive tests for the diagnosis of autoimmune 
POF and noninvasive biomarkers which can predict response to immunosuppressive 
and other treatment modalities in women with autoimmune POI [3, 18, 19].

25.3.4.1	 �Cyclophosphamide-Induced Ovarian Insufficiency
Cyclophosphamide, a commonly used drug in autoimmune diseases, may lead to 
POI. Use of cyclophosphamide in women with SLE is associated with 11–59% risk 
of POI. The major determinants of cyclophosphamide-induced POI include age 
and cumulative dose. Cyclophosphamide damages granulosa cells resulting of fol-
licular death with decreased production of gonadal steroids which in turn lead or 
increased production of pituitary gonadotropins. Raised gonadotropin levels in 
turn recruit immature follicles into mature phase which are susceptible to 
cyclophosphamide eventually resulting in follicular depletion and POI [27, 28]. 
Other risk factors for cyclophosphamide-induced POI include longer disease dura-
tion and presence of anti-Ro and anti-U1RNP.  On the other hand, presence of 
CYP2C19∗2 allele of cytochrome p450 system protects against development of 
cyclophosphamide-induced POI [29].
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25.4	 �Menopause and Autoimmune Diseases

Menopause can affect autoimmune diseases in several ways such as

	(a)	 The effects of menopause per se on cardiovascular, muscular, skeletal, genito-
urinary, and other systems can add to damage inflicted to these systems by 
autoimmune diseases, thereby adding to morbidity and mortality.

	(b)	 Alterations in the levels of gonadal hormones may trigger or aggravate autoim-
mune diseases. Increase in estrogen generally has immunostimulatory effects, 
while increase in androgens and progestogens usually causes immunosuppres-
sion [30]. Thus menopause may affect delicate balance between host defense, 
immunological tolerance, and autoimmunity [9].

25.4.1	 �Systemic Lupus Erythematosus (SLE)

Age-related incidence of SLE shows bimodal distribution with first peak between 
ages of 35 and 39  years and second peak between ages of 55 and 59  years. In 
general activity of disease in SLE is lower after menopause due to decrease in estro-
gens which are immunostimulant. However each exacerbation after leads to greater 
damage. Compared to SLE patients who have disease onset before menopause, the 
women with disease onset after menopause tend to have more insidious disease 
course with lower incidence of nephritis, malar rash, photosensitivity, arthritis, 
Reynaud’s phenomenon, cutaneous vasculitis, purpura as well as lower titer of anti-
dsDNA and Ro antibodies. On the other hand incidence of serositis and pulmonary 
involvement is higher in women with onset of SLE after menopause [31, 32].

Even in women with onset of SLE before menopause, disease activity may be 
decreased after menopause in the form of decreased number of flares and decrease in 
maximum disease activity. Even women with SLE who have undergone hysterectomy 
before disease onset tend to have milder disease and less nephritis, lower anti-dsDNA 
antibodies, and late age of onset. SLE women with cyclophosphamide-induced ovar-
ian failure tend to have fewer and less severe flares compared to women who continue 
menstruating [29]. However some studies [33] have suggested that decrease in disease 
activity of SLE in postmenopausal women compared to premenopausal women may 
be related to age and duration of disease and not to menopause per se.

HRT in SLE: Studies of HRT in SLE suggest a modest increase in mild to moder-
ate flares in stable SLE women, this effect being modulated through increase in toll 
like receptors 3, 7, and 9 on mononuclear cells [34]. Also premenopausal use of 
HRT is associated with two fold increase in risk of developing SLE in Nurse’s 
health study [35]. However, this study was conducted when use of HRT was much 
more prevalent than today.

While disease activity of SLE is decreased in postmenopausal women, the over-
all disease-related damage is higher in them as reflected by higher damage accrual. 
Lumina investigators also reported higher damage accrual and more arterial vascu-
lar events in postmenopausal women with SLE compared to premenopausal women 
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with SLE. Multivariate analysis revealed age and use of cyclophosphamide to be 
better predictor of damage accrual and not menopause [35–37].

To conclude disease activity is lower and overall damage accrual is higher in 
postmenopausal women with SLE compared to premenopausal women with 
SLE. However whether this difference is due to menopause per se or due to higher 
age or longer duration of disease or effects of treatment remains to be determined. 
HRT in women with SLE is associated with increased risk of mild to moderate 
flares but not severe flares. While prescribing HRT to women with SLE, this risk 
should be carefully weighed against possible benefits of HRT on menopausal 
symptoms and associated improvement in quality of life. There is lack of 
well-controlled studies to determine exact risk of HRT in SLE women with anticar-
diolipin antibodies or previous thrombosis, though many physicians avoid prescrib-
ing HRT in these women.

25.4.2	 �Rheumatoid Arthritis (RA)

Similar to SLE, it is difficult to determine if changes in disease course of RA 
observed in postmenopausal women is related to menopause per se or due to older 
age or longer duration of disease or due to drug treatment of RA itself. Whatsoever 
the reason, older onset RA is characterized by much less female predominance 
(male:female ratio reaches 1:1 in RA with disease onset above age of 60 years), 
more common acute onset, more frequent involvement of large proximal joints, 
lower ESR (erythrocyte sedimentation rate), more frequent systemic manifesta-
tions, more frequent negative testing for rheumatoid factor, and poor functional 
outcome [29].

Reproductive hormones are known to affect disease activity and disease course 
in RA. High serum levels of estrogens and progestins appear to protect against RA 
as evidence by frequent remission of RA during pregnancy, lower risk of RA onset 
pregnancy, decreased risk of RA with breast feeding and increased risk of RA with 
nulliparity, early menarche, and irregular menses [38–41].

Age at menopause is inversely associated with onset of RA. Thus early meno-
pause is associated with increased risk of new onset RA as are other factors such 
as use of HRT, polycystic ovarian syndrome, and endometriosis [42, 43]. 
Regarding influence of postmenopausal state on course of disease, postmeno-
pausal state is associated with a higher joint damage score and higher functional 
disability compared to premenopausal state, with menopause per se accounting 
for the difference [44].

With regard to HRT in RA, WHI (women’s health initiative) [45] study evaluated 
HRT (both estrogen alone and estrogen and progestin combined) in RA. HRT did 
not affect risk of RA and was associated with only a nonsignificant improvement in 
joint pain scores. However it did protect against loss of bone density in women with 
RA [46, 47].
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25.4.3	 �Scleroderma

Early menopause does play a role in onset of scleroderma. The main underlying 
pathology in scleroderma involves vascular damage and estrogens do benefit vascu-
lar system. The estrogen deficiency secondary to menopause has been attributed to 
play a role in increasing vascular damage induced by scleroderma. Postmenopausal 
state [either alone or in combination with CREST (calcinosis, Reynaud’s phenom-
enon, esophageal dysmotility, sclerodactyly, and telangiectasias) or HLA-B35 hap-
lotype] is considered to be one of the most important risk factors for development 
of pulmonary arterial hypertension (PAH) in scleroderma with relative risk of 5.2. 
HRT may protect against development of PAH in postmenopausal women with 
scleroderma [48]. In one study [49] on postmenopausal women with CREST, none 
of the women who received HRT developed PAH compared to 19.5% of women 
who did not receive HRT over 7.5 years of follow-up period.

25.4.4	 �Multiple Sclerosis (MS)

Menopause does seem to have some effects on MS.  However contribution of 
menopause per se to these effects remains unknown. In women with disease onset 
after age of 50 years, disease type is usually primary progressive with more rapid 
progression, fewer relapse, fewer new gadolinium-enhancing lesions on magnetic 
resonance imaging of brain, more frequent symptoms involving motor function and 
coordination and rapid progression to EDSS (expanded disability severity scale) of 
6. There is no data available on use of HRT in MS.

25.4.5	 �Sjogren’s Syndrome (SS)

Though common in postmenopausal years, effects of menopause of SS are little 
studied. Similarly there is no data on use of HRT in SS.

25.4.6	 �Giant Cell Arteritis

One small study showed early menopause to be a risk factor for occurrence of GCA, 
a vasculitis illness characteristically seen in postmenopausal women [50].

25.5	 �Conclusion

Menopause can interact with autoimmune disease in several complex ways. 
While there is a no doubt regarding existence of an association between autoim-
mune diseases and menopause, the data concerning this association is often 
incomplete and even contradictory in many cases. Future well-conducted studies 
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evaluating effects of menopause as well as HRT on autoimmune diseases are 
needed to further clarify the complex association between autoimmune diseases 
and menopause.
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26Fibromyalgia
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Abstract
Fibromyalgia (FM) is a common musculoskeletal disorder affecting predomi-
nantly women. The prevalence increases with increasing age with 7% of women 
affected in 60–79 age group. FM is characterised by widespread aches and pains, 
fatigue, sleep disturbances and multiple somatic symptoms. Depression and 
other mood disorders occur commonly in FM. There is no diagnostic test to diag-
nose FM. Hypothyroidism is a common disorder which share some clinical fea-
tures of FM. FM can mimic rheumatic diseases and also coexist with rheumatic 
diseases like systemic lupus erythematosus, rheumatoid arthritis and Sjogren’s 
syndrome. Presence of FM may make interpretation of disease activity scales 
like DAS 28 difficult. Genetic factors predispose one for low pain threshold and 
environmental factors including stress can contribute to the development of FM. 
Patient education is a mainstay of FM management. Graded increase in exercises 
and cognitive behaviour therapy (CBT) are also very useful therapeutic tools. 
NSAIDS and steroids are generally not effective in FM. Low-dose antidepres-
sants like amitriptyline, duloxetine and antiepileptics like gabapentin and prega-
balin act on central mechanism of pain and may be effective in multiple domains 
of FM like pain and sleep. FM is compatible with successful pregnancy out-
comes and pregnancy should be contemplated when FM is well controlled and 
when the patient is on no drugs or minimum medicines (tricyclic antidepressants 
like amitriptyline). FM is the most common non-autoimmune musculoskeletal 
disorder affecting women.
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Fibromyalgia (FM) is a chronic disorder characterised by widespread pains and 
multiple somatic symptoms. FM is more common in women with a prevalence of 
3.4–4.9% vs 0.5–1.6% in men [1–3]. The prevalence increases with age, reaching 
more than 7% in women aged 60–79 years [1]. Though FM like illness is less likely 
to start in elderly, older women continue to experience chronic widespread pain 
(CWP) which had begun few decades ago. FM is also a common illness diagnosed 
in rheumatology clinics occurring in as high as 20% of outpatients [4]. FM also can 
coexist with many rheumatological diseases like Sjogren’s syndrome, systemic 
lupus erythematosus and rheumatoid arthritis [5].

Fibromyalgia (FM) could be suspected in any patient, particularly young female 
who presents with pain in multiple areas (widespread pain), pain all over, neck pain, 
back pain, pain radiating in non-dermatomal patterns. One could positively suspect 
FM when the patient has subjective more than objective swelling in joints and/or 
periarticular regions, fatigue, sleep disturbances, headaches, irritable bowel and 
bladder symptoms, paraesthesia, brain fog and affective symptoms like low mood. 
FM patients are likely to have more symptoms than signs. If the patient has multiple 
symptoms (‘too many symptoms’), one could suspect FM [6].

26.1	 �Clinical Features

Widespread pain is the most common and defining symptom of FM. Pain in both 
sides of the body and both half of the body defines widespread pains. Pain is usually 
described in the joints and also away from the joints. There may be subjective sensa-
tion of swelling around the joints. FM is also associated with multiple somatic 
symptoms. Fatigue is an important symptom. It is important to rule out common 
causes of fatigue like anaemia, hypothyroidism and depression. Headache, usually 
chronic tension type or migraine like, is another common symptom. Many patients 
have symptoms suggestive of irritable bowel syndrome and irritable bladder. 
Non-restorative sleep is also very common. It is essential to consider primary sleep 
disorder which might co exist with FM. Depression and other mood disorder also 
occur commonly with FM.  Most of the symptoms of FM are common to many 
diseases. It is essential to look for red flag symptoms and signs and also rule out 
many endocrine disorders like hypothyroidism. Many drugs also can cause wide-
spread pains, like statins. An algorithmic approach to evaluation for patients with 
widespread pains is suggested in Fig. 26.1.

It is essential to consider fibromyalgia in the differential diagnosis of rheumatic 
diseases and vice versa since both are common in younger women. It is also impor-
tant to recognise fibromyalgianess in rheumatic diseases to avoid misinterpretation 
of symptoms and signs. FM provides an alternate explanation for pain and systemic 
symptoms. Thus helps interpretation of disease activity measures like DAS 28. So, 
unnecessary treatment escalation is avoided and the choice of pain medicine would 
differ. Pain modifying drugs like pregabalin would be the choice over NSAID or 
steroids. One could consider non- pharmacological solutions like CBT. It is better 
to include FM clinical screen and tender point examination as a part of routine 
examination upfront on first consult.
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It is important to perform a thorough physical examination of all the systems. 
This helps to rule out other illness and also helps to develop a rapport with the 
patient. Apart from multiple tender points and widespread hurtfulness, clinical 
examination would be normal.

26.2	 �Pathogenesis

FM occurs more commonly in families. The frequency of FM in first-degree relatives 
of FM patients is 6.4% [7]. Sibling recurrence rate for FM is 13.6% [8]. 5-HTT gene 
polymorphism and catechol-O-methyltransferase (COMT) gene variants are the few 
candidate genes which may predispose one to FM [9]. Sleep disturbances are thought 
to play an important role in the pathogenesis. Alpha intrusion of NREM deep sleep is 
common in FM [10]. Patients complain of non-restorative sleep. Pain can be induced 
in normal individuals by artificially introducing alpha intrusion into NREM sleep. 
Central augmentation of sensory input or Central sensitisation is currently accepted 
mechanism of pain amplification. A study showed that approximately 50% lower 
stimulus intensity is enough to elicit a pain response in patients with fibromyalgia 
compared to healthy controls [11]. These findings suggest that the enhanced pain sen-
sitivity exhibited by fibromyalgia patients is associated with the CNS augmentation of 
relatively low levels of sensory input that do not produce pain in normal controls.

Environmental factors may bring out the FM in genetically susceptible individuals. 
Physical stress like whiplash injuries, jobs requiring overhead activities, surgery and 
employed in war zone may trigger chronic widespread pains. Psychological stress, 
including sexual abuse, is also one of the environmental triggers. Adverse childhood 
experiences (ACE) may be an important factor in later development of FM [12].

26.3	 �Diagnosis

Diagnosis is clinical. There is no blood test or imaging technique which would 
help us to diagnose FM. ACR classification criterion (1990) was never intended to 
be a diagnostic criterion [13]. But it is widely used for the same purpose. Presence 
of widespread pains with objective evidence of tender points helps clinicians to 
diagnose FM. New ACR diagnostic criterion (2010) had dispensed with tender 
point examinations and relies on patient-reported widespread pain index (WPI) 
and a symptom severity scale [14] (Fig. 26.2). A later version of this criterion had 
eliminated physician’s estimation of symptom severity and replaced it with three 
patient-reported symptoms and thus is entirely patient-reported [15]. It is not 
mandatory for a patient to fulfil the criteria to be diagnosed as FM. FM could be 
diagnosed in an individual with diffuse body pain that has been present for at least 
3 months (chronic widespread pain—CWP), and who may also have symptoms of 
fatigue, sleep disturbance, cognitive changes, mood disorder and other somatic 
symptoms to variable degree, and when symptoms cannot be explained by some 
other illness [16].
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26.4	 �Investigations When Evaluating a Patient with CWP

CBC and peripheral smear
ESR & CRP
Thyroid profile
Blood sugars
Liver and renal tests
Bone profile
25 (OH) vitamin D3

Above investigations help in the differential diagnosis and also in identifying 
treatable elements in patients with FM.

WPI
Areas looked at for WPI index
Shoulder girdle, left
Shoulder girdle, right
Upper arm, left
Upper arm, right
Lower arm, left
Lower arm, right
Hip (buttock, trochanter), left
Hip (buttock, trochanter), right
Upper leg, left
Upper leg, right
Lower leg, left
Lower leg, right
Jaw, left
Jaw, right
Chest
Abdomen
Upper back
Lower back
Neck

Total score=

Symptom Severity  scale score:
Fatigue
Waking unrefreshed
Cognitive symptoms

For the each of the 3 symptoms above, indicate 
the level of severity over the past week using 
the following scale:
0 = no problem
1 = slight or mild problems, generally mild or 
intermittent
2 = moderate, considerable problems, often 
present and/or at a moderate level
3 = severe: pervasive, continuous, life-
disturbing problems
Considering somatic symptoms in general, 
indicate whether the patient has:
0 = no symptoms
1 = few symptoms
2 = a moderate number of symptoms
3 = a great deal of symptoms
The SS scale score is the sum of the severity of 
the 3 symptoms (fatigue, waking unrefreshed, 
cognitive symptoms) plus the extent (severity) 
of somatic symptoms
in general. The final score is between 0 and 12.

Fig. 26.2  2010 ACR preliminary diagnostic criteria. Criteria: A patient satisfies diagnostic criteria 
for fibromyalgia if the following three conditions are met: (1) Widespread pain index (WPI) 7 and 
symptom severity (SS) scale score 5 or WPI 3–6 and SS scale score 9. (2) Symptoms have been 
present at a similar level for at least 3 months. (3) The patient does not have a disorder that would 
otherwise explain the pain
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26.5	 �Management

26.5.1	 �Education

Patient education forms an important component of management of complex illness 
like FM. On diagnosis, many would not have heard of fibromyalgia, some might 
have had some information from friends and the Internet, some would have been 
told that they do not have any disease and all is in the mind and a few would have 
researched the subject in a scholarly way. So a useful way to initiate an education 
session is to ask the patient what they know about fibromyalgia [17].

Points that could be discussed with the patient [18].

•	 Explain what FM is and what it is not
•	 Concept of central sensitization and low pain threshold in simple language
•	 Explain the need to take control of illness (self-management)
•	 Deleterious effects of deconditioning and need to exercise
•	 Partial efficacy of current medical therapy
•	 Concept of cognitive behavioural therapy (CBT)
•	 Though there is no cure, care is always possible.

26.6	 �Non-Pharmacological Management

26.6.1	 �Exercises

The goals of exercise and improved physical fitness for individuals with fibromyal-
gia are to improve or maintain general fitness, physical function, emotional 
well-being and gaining control over FM.  Pain and deconditioning are potential 
roadblocks for patients with FM from exercising. FM patients may be more prone 
to exercise-induced muscle pain due to muscle ischaemia and post-exertional fatigue 
due to production of inflammatory cytokines after a period of exercise [19]. 
Following are few important tips for exercises in FM.

•	 Reasonable pain control has to be achieved before patient could into an 
exercise program.

•	 Patients are advised to start slowly and gradually build up (start walking 
for 5 min and add 1–2 min every week and slowly reach 30–45 min/day).

•	 Walking, cycling and dancing are the common aerobic exercises tried by 
patients.

•	 Gentle weight training is also possible and beneficial in FM.
•	 Physical activity program should also include a stretching program.
•	 If hard pressed for time, they could get exercises from activities of daily 

living (ADL) (climbing stairs, walking to work and walk during work).
•	 Conserve energy during ADL to be able to exercise.
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26.6.2	 �Cognitive Behavioural Therapy (CBT)

Cognitive behavioural therapy is designed to allow subjects with chronic pain to cope 
better with their symptoms, which may include formal stress reduction techniques, 
with a focus on teaching individuals’ optimal self-management of chronic illness. 
There is strong evidence for CBT in the management of fibromyalgia [20]. 
Improvements were noticed in pain, sleep, fatigue and health-related quality of life 
(HRQOL). Also there was an improvement in mood, self-efficacy and healthcare-
seeking behaviour [20]. Although short-term results are positive, the effect tends to 
fade after a year. This stresses the importance of continued monitoring and follow-up 
of patients with FM. CBT is a technique, semi-instructive in nature, where patient 
plays an active role along with the therapist. This systematically helps the patient to 
understand the effect of cognition or maladaptive thoughts (perception and beliefs 
about illness) about the illness and assists in changing the behaviour. It also addresses 
negativity. CBT requires training in CBT techniques and are generally performed by 
clinical psychologists. Basic form of CBT could be performed by clinicians. An inter-
net-based CBT-like program has been developed [21]. CBT may not be effective in 
all. It helps patients with emotional distress and poor coping skills and in those who 
believe at the onset that treatment would be effective. Though evidence is lacking, 
CBT is likely to be more useful when combined with drug and exercise therapy.

26.6.3	 �Diet

There is no standard diet for FM. Recent research suggests that dietary restriction of 
glutamate, particularly MSG, may be beneficial in decreasing somatic symptoms 
and increasing well-being in chronic pain conditions [22]. With limited available 
data, one cannot yet draw definitive conclusions regarding the role of diet in fibro-
myalgia or make specific dietary recommendations for treatment. More rigorous, 
controlled trials of dietary intervention in fibromyalgia are warranted. Balanced diet 
is generally recommended to avoid any micronutrient deficiency.

26.6.4	 �Drugs

Medications are only partially helpful in relieving FM symptoms. There is no single 
medication which could address all the domains of FM symptomatology. Pain, 
sleep disturbances, depression and other somatic symptoms may require different 

•	 Improving physical activity and fitness is one of the important strategies in 
the management plan of FM.

•	 ‘No pain; no gain’ is a useful advice for FM patients who begin exercising. 
But if it pains for more than 24–48 h, they have to decrease the intensity of 
exercises.
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category of medicines. Since most drugs work only in one-third of patients, the best 
drug for the patient is arrived at by trial and error. The following are the drugs used 
as per the clinical domains.

Pain
•	 Analgesics like paracetamol
•	 NSAIDs
•	 Tricyclic antidepressants (TCAs) like amitriptyline
•	 SNRI like duloxetine and milnacipran
•	 Gabapentinoids like pregabalin and gabapentin
•	 Alpha blockers like tizanidine
•	 Muscle relaxants like cyclobenzaprine
•	 Tramadol

Sleep Disturbance
•	 Hypnotics like zolpidem, clonazepam
•	 TCA
•	 Pregabalin

Depression
•	 SSRI like fluoxetine, escitalopram
•	 TCA
•	 SNRI

Coexisting syndromes like IBS, restless leg syndrome and migraine would 
respond to specific therapies. Many of the above drugs appear to benefit more than 
one domain of symptoms. For example, TCA may help pain, sleep and depression. 
Starting at a small dose and slow escalation of the dose is better tolerated. For 
example duloxetine may be started at 20 mg bed time and increased every 2 weeks 
to a maximum of 120 mg or to the dose tolerated.

26.7	 �FM and Pregnancy

There is scant evidence that fibromyalgia may interfere with a woman’s chance to get 
pregnant (fertility is not affected). Also there is no evidence that FM has any direct 
effect on the pregnancy outcomes both on the foetus and on the mother. As long as 
the woman is not completely debilitated with fibromyalgia pain, there is little reason 
not to consider having children. The main concern is regarding the body’s capability 
to be emotionally, mentally and physically ready to face the stress of pregnancy and 
also the responsibilities associated with having a baby. Patients are generally advised 
to consider pregnancy when the symptoms are less severe. Pregnancy is ideal when 
symptoms of FM could be managed by life style modifications and exercises and 
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other physical measures. Fibromyalgia symptoms tend to worsen with pregnancy, 
particularly in III trimester and delivery. But this was not associated with hormonal 
changes [23]. Pregnancy outcome is unaffected by a fibromyalgia diagnosis [24]. 
Pre-conception discussions should be a routine part of the care of fibromyalgia 
patients of childbearing potential. Non-drug treatments should be maximised during 
pregnancy and when nursing, with medications reserved for more disabling and 
recalcitrant symptoms. FM patients may have difficulties with nursing and caring for 
the newborn baby because of pain and fatigue [25].

Medications commonly used in FM may not be suitable for someone planning 
pregnancy. It is ideal to stop all the medications preconception. Patients are gener-
ally advised to postpone pregnancy till the symptoms are well controlled and are on 
minimal medications. Most antidepressants are FDA category C drugs. A prospec-
tive study comparing patients taking antidepressants VS non-users did not show 
difference in the occurrence of major malformations. So drugs like amitriptyline 
may be used if the benefits outweigh the risks after discussion with the patient and 
the spouse [26]. There is no data on newer drugs like duloxetine, pregabalin and 
milnacipran in pregnancy. So they have to be avoided.
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