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Systemic lupus erythematosus (SLE) affects women more frequently than
men, similar to the female predilection for other autoimmune diseases.
Moreover, male patients with SLE exhibit different clinical features than female
patients. Sex-associated differences in SLE required special considerations for
disease management such as during pregnancy or hormone replacement
therapy (HRT). Sex hormones, namely, estrogen and testosterone, are
known to affect immune responses and autoimmunity. While estrogen and
progesterone promote type | immune response, and testosterone enhances
T-helper 1 response. Sex hormones also influence Toll-like receptor pathways,
and estrogen receptor signaling is involved in the activation and tolerance of
immune cells. Further, the clinical features of SLE vary according to hormonal
changes in female patients. Alterations in sex hormones during pregnancy
can alter the disease activity of SLE, which is associated with pregnancy
outcomes. Additionally, HRT may change SLE status. Sex hormones affect the
pathogenesis, clinical features, and management of SLE; thus, understanding
the occurrence and exacerbation of disease caused by sex hormones is
necessary to improve its management.

systemic lupus erythematosus, sex hormone, clinical characteristic, pathogenesis,
hormone therapy

Abbreviations: BAFF, B cell-activating factor; COC, combined oral contraceptives; DC, dendritic
cell; dsDNA, double-stranded DNA; E2, estradiol; ER, estrogen receptor; FSH, follicle-stimulating
hormone; HC, healthy control; HRT, hormone replacement therapy; OCP, oral contraceptive; PBMC,
peripheral blood mononuclear cell; pDC, plasmacytoid DC; RCT, randomized controlled trial; SLE,
systemic lupus erythematosus; SLEDAI, SLE disease activity index; WHI, Women's Health Initiative.

01 frontiersin.org


https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org/journals/medicine#editorial-board
https://www.frontiersin.org/journals/medicine#editorial-board
https://doi.org/10.3389/fmed.2022.906475
http://crossmark.crossref.org/dialog/?doi=10.3389/fmed.2022.906475&domain=pdf&date_stamp=2022-08-11
https://doi.org/10.3389/fmed.2022.906475
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/articles/10.3389/fmed.2022.906475/full
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org/

Kim et al.

Introduction

(SLE), a
with  heterogeneous

Systemic lupus erythematosus chronic

autoimmune inflammatory disease
clinical manifestations and course, affects multiple tissue and
organ systems with, varying severity depending on the patient
and duration of illness (1). Although many aspects of its
etiology remain unclear, SLE is a complex disease known to
result from the aberrant activity of the immune system due to
environmental, genetic, epigenetic, and hormonal factors (2).
Like other autoimmune diseases, such as rheumatoid arthritis,
Sjogren’s syndrome, and systemic sclerosis, SLE has a much
higher prevalence in women than in men, with a female-to-male
ratio ranging from 8:1 to 15:1 (3, 4). The striking difference
in prevalence appears during the peak reproductive age,
whereas female predominance significantly decreases during
pre-puberty and post-menopause (5).

Factors associated with sex differences in SLE include
sex chromosome genes, sex-dependent environmental factors,
and gut microbiome composition, but considerable evidence
As
previously mentioned, SLE is typically more prevalent in

supports that sex hormones are a major factor (6).

young women of childbearing age. Indeed, its prevalence
in women is only double that in men during childhood
and postmenopausal periods (7). Furthermore, the disease
activity of SLE can vary depending on hormonal changes
such as the menstrual cycle and menopause, with a flare
rate of 45-70% in pregnancy (8). In some patients with SLE,
symptoms worsen each month as menstruation begins, and
estrogen-containing therapies, namely, oral contraceptives (O)
and postmenopausal hormone replacement therapy (HRT),
are associated with an increased risk of flare (9, 10). In
addition, the frequency and severity of flares decrease in
most menopausal patients with SLE (11). In a lupus-prone
model in NZB x NZW F1 mice, disease development was
prevalent and survival time was shorter in women than
in men (12).

Sex hormones include estrogen, progesterone, testosterone,
(13).
Estrogen, progesterone, and androgens are produced by

dihydrotestosterone, and dehydroepiandrosterone
the ovary in women, while testosterone precursors are
produced mostly by Leydig cells in the testis in men and in
the adrenal gland and thecal cells of the ovary in women (14).
In women, estrogen and progesterone levels fluctuated during
the menstrual cycle and life span, namely, premenopause
and menopause, whereas testosterone levels remain steady
during the menstrual cycle and decrease after menopause.
Serum testosterone levels are higher in men than in women and
decrease with age. Estrogen mainly affects reproductive function
and additional processes, such as bone mass and fat distribution,
while testosterone regulates physiological processes in muscle
mass and strength, bone mass, fat distribution, and production
of sperm and red blood cells.
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In addition, sex hormones are involved in the development
and function of innate and adaptive immune responses, and
dysregulation of these mechanisms contributes to autoimmune
abnormalities (15). Progesterone and androgens mainly have
thus
protecting against autoimmune diseases, whereas estrogen is

immunosuppressive and anti-inflammatory effects,
generally regarded as pathogenic due to its immune-stimulatory
effects (16). Considering the mechanisms underlying altered
immune responses and female predilection, estrogen is widely
perceived as contributing to the predisposition for SLE.
Recently, various clinical studies have reported sex-dependent
genetic and epigenetic changes in SLE, revealing the complex
role of sex hormones in addition to estrogen in the pathogenesis
of SLE (17-19).

Herein, we review the current evidence regarding the role
of sex hormones in the pathogenesis of SLE and describe the

clinical features according to sex hormonal changes.

Methods

A systemic search of all English-language studies was
performed in the Medline/PubMed, Scopus, and EMBASE

» <«

databases using the following keywords: “sex hormone,” “sex

» «

steroid,” “systemic lupus erythematosus,” “autoimmune disease,”

»

“estrogen,” “progesterone,” “testosterone,” and “sex differences,”
as well as their abbreviations. Additionally, all related studies
were searched manually for relevant keywords such as “oral
contraceptives” and “hormone replacement therapy.” Abstracts
from relevant studies were reviewed, and appropriate articles
were retrieved, and non-relevant papers and duplicate studies
were excluded. All authors of this study conducted searches and

articles were reviewed independently.

Results and discussion

Influence of sex hormones on immune
response or autoimmunity (Figure 1)

Estrogen

Immune cells express two estrogen receptor (ER) subtypes,
ERa and ERP, and activation of ER-mediated or ER-
independent pathways controls immune responses. ER subtypes
and their mechanisms of action vary depending on the
cell or environment, while hormone’ concentration, density,
distribution, and receptor, subtype affect immune responses.
Gene expression analysis demonstrated that the expression of
ERa mRNA was increased, while that of ERB was decreased
in peripheral blood mononuclear cells (PBMCs) from patients
with SLE compared to healthy controls (20). However, no
unique variants in ERa, ERa splice variants, and ERP were
identified in PBMCs from 19 patients with SLE compared
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to 12 healthy individuals (21). Furthermore, the depletion
of ERa attenuated the development of glomerulonephritis
and anti-double-stranded DNA (dsDNA) antibodies, while
prolonging the survival of NZB x NZW Fl mice, whereas
ERP deficiency had no effect on lupus manifestations (22, 23).
Currently, the association between ER expression/action and

SLE remains unclear.

B cells and autoantibody production

Estrogen stimulates B cell maturation and antibody
secretion in the normal immune system. With respect to
its impact on the autoimmune response, estrogen has been
shown to increase the abundance of bone marrow progenitor
B cells and enhance the survival of splenic B cells, which
promotes the development of autoreactive B cells (24). In
one study, estradiol (E2) treatment increased the production
of anti-dsDNA antibodies and IgG in PBMCs from patients
with active SLE, but not in patients with inactive disease or
in a normal population (25). Additionally, E2 administration
induced a lupus phenotype in BALB/c mice that expressed a
transgene-encoded H chain of an anti-DNA antibody, rescued
high-affinity DNA-reactive B cells, and led to increased Bcl-
2 expression, which improved the survival of autoreactive B
cells (26, 27). Meanwhile, tamoxifen treatment reduced levels
of autoantibodies to IgG3, prolonged survival time, and was
associated with weaker glomerular immune complex deposition
in NZB x NZW F1 mice (28). Further, treatment with E2
increased levels of B cell-activating factor (BAFF) in immune
cells, namely, macrophages, which promoted the survival of
autoreactive B cells and autoantibody production, while ERa-
knockout (KO) splenic cells showed decreased BAFF expression
(29). In addition, NZB x NZW Fl mice treated with E2
exhibited more severe proteinuria and histological change in the
glomerular tissue, along with increased levels of anti-Clq and
anti-dsDNA antibodies (30).

T cells

Low estrogen levels enhance T-helper type 1 (TH1) cells
and cell-mediated immunity, whereas high estrogen levels
promote T-helper type 2 (TH2) cells and humoral immunity. E2
treatment was shown to enhance the expression of calcineurin,
a T cell activation marker that acts through ERs, in the T
cells of female patients with SLE, but not in those of HCs
or male patients with SLE. Consistently, treatment with ERa
and ERP agonists increased the expression of calcineurin and
CD154 in the T cells of patients with SLE (31, 32). E2 treatment
stimulated T cells to express CD40 ligands in patients with SLE
but not in normal women (33). E2 treatment induced the lupus
phenotype, namely, nephritis, and production of TH2 cytokines
and autoantibodies in wild-type mice, but not or minimally
in ERa-KO mice (34). CD4-ERa KO mice had increased
autoantibody production and CD4 + CD44 + CXCR5 + Bcl-
6 + follicular helper T (TFH) cells, and E2 treatment decreased
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TFH cell responses, antigen-specific antibody production, and
reduced IL-21 and Bcl-6 expression (35).

While different results had been reported in the populations
of regulatory T (Treg) cells in SLE, incubation with E2 resulted
in increased CD4, CD25, and FoxP3 mRNA expression in
PBMCs from a healthy female, those from patients with
SLE exhibited reduced FoxP3 mRNA expression (36). The
deficiency of estrogen-related receptor y (Esrrg), a murine lupus
susceptibility gene associated with CD4 + T cell activation, has
been shown to result in impaired function of Treg cells (37, 38).
In addition, levels of human ESRRG, which is highly expressed
in Treg cells, were reportedly lower in CD4 + T cells of patients
with SLE than in those of HCs.

While increased population of CD4 + Thl7 cells and IL-
17A production has a pathogenic role in SLE, E2 treatment
showed an inhibitory effect in Th17 cell differentiation in CNS
autoimmunity (39). In addition, ERa KO mice showed TH1 and
Th17 cell differentiation with IL-17 production, and estradiol
inhibited Th17 cell differentiation through the downregulation
of RORyt transcription (40). IL-17A production and IL-23R
expression were increased in Thl7 cells from female mice
compared to those from male mice, both of which were
decreased and Th17 cell proliferation was downregulated when
ERa expression was suppressed (41).

Dendritic cells and toll-like receptor pathways

Denderitic cells (DCs), especially plasmacytoid DCs (pDCs),
are activated in SLE to produce type I IFN through the Toll-like
receptor (TLR)-7 or TLR-9 pathway through which endogenous
DNA and RNA provoke autoimmune responses as self-antigen.
Several DC subsets, namely, pDCs, express different patterns
of ERs and affect ERa signaling (42). E2 treatment promoted
the differentiation of DCs expressing high levels of cell surface
MHC class II and CD86, whereas ER antagonists blocked DC
differentiation (43). ERa deficient lupus-prone mice (strain
NZM2410) had decreased frequency of pDCs and reduced
endogenous expression of MHC-II and PDC-TREM, which
modulates type I IFN production (44).

TLR-7-mediated
increased in the peripheral blood lymphocytes of healthy

IFN-a  production was reportedly
females compared to those of healthy males (45). E2 therapy
enhanced TLR-7- and TLR-9-dependent production of IFN-a
stimulated by nucleic acid-containing complexes in pDCs
from postmenopausal women, while TLR-medicated IFN-o
production by pDCs was restored in ERa-KO mice by E2
treatment (46). In another study, TLR-9 induced IL-6 and
MCP-1 production by DCs was decreased in ERa-KO lupus-
prone mice (strain NZM2410), and IL-1f and IL-23 expression
were induced by a TLR-9 agonist in wild-type but not ERa-
KO mice (47). Moreover, the delivery of recombinant IFN
regulatory factor 5 (IRF5) protein into human pDCs increased
TLR-7-mediated TFN-a secretion, while the genetic ablation
of the estrogen receptor 1 gene in pDCs reduced irf5 mRNA
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expression as well as IFN-a production (48). Further, estrogen
treatment enhanced the expressions of TLR-8 and endosomal
TLR-7 and TLR-9 in the PBMCs of patients with SLE compared
to that in the PBMCs of HCs (49). Additionally, E2 exposure
exacerbated proteinuria and glomerular immune complex
deposition in female lupus-prone MRLP" mice through the
induction of TLR-7 and -9 expression on splenic leukocytes
and CD19 cells (50). Estrogen treatment was shown to enhance
the expression of STAT1, which induces IFN-stimulated gene
expression and upregulates TLR-8 expression (51). These
data suggest that estrogen influences DC activation and IFN
production through the TLR signaling pathways.

Epigenetic modulation

There were some reports finding the epigenetic changes
related to the effects of estrogen or ER expression in SLE. DNA
demethylation within the proximal promotor region relative
to the transcription star site of the human ERa gene was
associated with the overexpression of the ERa gene in SLE
(52). And E2 inhibited DNA methyltransferase 1 (DNMT1) and
enhances global DNA hypomethylation in SLE CD4 + T cells
(53). ER agonists rescued downregulated DNMT1 and DNA
hypomethylation.

E2 treatment enhances the activation of IFN-a signaling
in SLE B cells via inhibitor of kappa B kinase ¢ (IKKe) by
downregulating the expressions of let-7e-5p, miR-98-5p, and
miR-145a-5p (54).

Estrogen treatment induced the overexpression of has-
miR-10b-5p in T cells, and has-miR-10b-5p suppresses
serine/arginine-rich splicing factor 1, which controls genes
involved in T cell signaling and cytokine production. Has-
miR-10b-5p expression was elevated in T cells from healthy
women than healthy men, and elevated in T cells from patients
with SLE, regardless of sex and SLE disease activity index
(SLEDAI) (55).

Progesterone

Progesterone is a female reproductive steroid with
immunomodulatory functions. Prolonged exposure to
medroxyprogesterone acetate, synthetic progesterone used
for contraception, led to lower serum IgG level, and decreased
mortality in female NZB x NZW mice, although such
treatment did not affect lupus phenotypes in other studies
(56-58). The action of progesterone depends on its receptors,
namely, progesterone receptor (PR), glucocorticoid receptor,
and membrane PR. While low progesterone levels activate
PRs and membrane PRs, high levels can bind not only to
PRs and membrane PRs but also to glucocorticoid receptor,
which is critical for reproduction. In one study, aged female
PR-KO lupus-prone Nba2 mice exhibited increased IgG
autoantibody production, and glomerular IgG deposition,
inflammation, and damage compared to male mice (59). In

addition, knockout of PR resulted in a lower splenic Treg cell
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population, but an increased proportion of follicular Th cells in
aged female Nba2 mice.

Testosterone

Testosterone inhibits B cell differentiation in the bone
marrow. Knockout of male androgen receptor, a testosterone
receptor, resulted in increased levels of bone marrow B cell
precursors in mice (60). In addition, male mice lacking
androgen receptors had higher splenic B cell population and
serum BAFF levels (61). Further, levels of plasma androgens,
namely, testosterone and androstenedione, were lower in female
patients with active SLE (62).

While some studies have reported the therapeutic effect of
testosterone and other androgens against SLE disease activity,
testosterone patches and 19-nortestosterone failed to improve
disease activity or quality of life in patients with SLE (63-
66). In vitro study assessing the effect of sex hormones on
changes in Treg cells demonstrated that androgen/testosterone
enhanced FoxP3 mRNA expression in CD4 + Treg cells of
patients with SLE (36).

Influence of menstrual cycle on
systemic lupus erythematosus

During the menstrual cycle, follicle-stimulating hormone
(FSH) stimulates the ovarian follicles to produce E2. Thus,
the plasma E2 concentration is increased, while that of
progesterone is decreased in the follicular phase, and both
E2 and progesterone plasma concentrations are high in the
luteal phase (36). Increased E2 levels lead to a mid-cycle
surge of luteinizing hormone, which initiates ovulation; if
fertilization does not occur, progesterone levels drop. Luteolysis
is inhibited during pregnancy, leading to prolonged high E2 and
progesterone levels. In addition, E2 and progesterone levels are
low during menopause along with the depletion of follicles.

A study comparing reproductive health histories between
patients with SLE, and the general population reported
no differences in hormone levels throughout the menstrual
cycle (67). However, menopause occurred earlier in patients
with SLE, and the use of HRT was frequent, and the
family size was reduced in patients with lupus nephritis.
Some data have shown that premature ovarian dysfunction
is more common in patients with SLE than in HCs and
is associated with the use of cyclophosphamide (68, 69).
Compared to 30 HCs, abnormal and longer-length menstrual
cycles were more frequent, and the median FSH level was
higher, and that of progesterone was lower in 30 patients
with juvenile SLE (70). A study analyzing a self-reported
survey of patients with SLE revealed higher pain, fatigue, and
disease activity during menses than during the hormonal surge
phase, although recall bias and confusion with pre-menstrual
syndrome existed (71). In examining the influence of the
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FIGURE 1
Effects of sex hormones on immune cells in systemic lupus erythematosus.

menstrual cycle or fertility on SLE, disease activity, use of
medication (including glucocorticoids and cyclophosphamide),
and individual differences should be considered.

Analysis of PBMCs has revealed significant changes in gene
expressions, including that of TNF superfamily member 14
and signal regulatory protein-y, during the menstrual cycle
of patients with SLE compared to that of HCs (72). A study
analyzing the expression of sex hormone receptor genes in
PBMC:s, and cell subsets reported that several immune response
genes were more highly expressed during the ovulatory and
mid-luteal phase (73). In addition, the level of sex hormone-
binding globulin, a steroid hormone transport protein, was
correlated with ERB1 gene expression.

Characteristics of male systemic lupus
erythematosus

Sex hormones and chromosomes in male
systemic lupus erythematosus

Unsurprisingly, the role that sex hormones play
in male and female SLE differs significantly, which
has been demonstrated both in murine models and

In the NZB x NZW Fl1 mouse
model, an autoimmune disease resembling human SLE is

clinical studies (74).
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mice administered androgens reduced lupus-

like phenotypes and improved rates, whereas
autoantibodies and accelerated autoimmune disease appeared
earlier in castrated NZB x NZW Fl mice administered
estrogen (75, 76). A recent study with a lupus-prone mouse
model reported that a male-driven immunoinhibitory milieu
was related to B cell activation and differentiation, and
ultimately delayed or prevented lupus-like disease, suggesting
that androgens affect lupus pathogenesis and exert different
therapeutic effects in males and females (77). Given the
clear inhibitory effects of androgen on the immune system,
a recent interest is to discover SLE therapies targeting
immunomodulatory cells by elucidating mechanisms that affect
the number and functionality of these cells such as regulator T/B
cells, MDSCs, and M2 macrophages in genetically predisposed
male mice (78).

In human studies, significantly lower androgen levels,
which were inversely related to hypoandrogenism, testosterone
levels, and disease activity, were detected in male patients
with SLE compared to HCs (79-81). As in murine models,
the clinical symptoms and serological features of men and

women respond differently to synthetic androgen therapy
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as a treatment for SLE. Two studies have reported that
testosterone supplementation improved the clinical symptoms
of male lupus patients with Klinefelter’s syndrome (82, 83).
Additionally, testosterone injections for cross-gender therapy
resolved the skin symptoms of a transgender patient (female
to male) with subcutaneous lupus erythematosus (84). In
contrast, a small clinical trial reported that men treated
with 19-nortestosterone exhibited decreased testosterone levels,
increased serum anti-dsDNA antibody levels, and new clinical
features, namely, Raynaud’s phenomenon and pleuropericardial
disease (64). In another clinical trial, testosterone patches
did not significantly affect disease activity, quality of life,
or sexual function in male patients with SLE (63). The
clinical efficacy of androgen treatment in male patients with
SLE remains unclear, and further studies are warranted
to determine whether such treatments should be more
widely provided.

In addition to sex hormones, there is growing evidence
that the role of the X chromosome helps explain whether
more women than men develop autoimmune diseases, namely,
SLE (85-87). The first evidence supporting that the factors
associated with X chromosomes cause susceptibility for SLE
was a report that the prevalence of Klinefelter’s syndrome
(karyotype 47, XXY) is increased 14-fold in men with SLE
compared to that in an unselected male population (85).
With similar results, in one study, karyotype 47, XXX in
females predicted an approximately 25-fold relative risk for
SLE, and another report showed that 46, XX males (de la
Chapelle’s syndrome) were excessively present among males
with SLE (86, 87). These data support that the number of
X chromosomes, not phenotypes, is related to the cause of
sex bias in SLE. Recently, genes in the X chromosome are
also observed to be attributed to the female bias in SLE. The
X chromosome encodes a greater number of genes than the
Y chromosome, and X-linked genes such as KDM6a, TLR-
7, CXorf21, and IRAK1 are found to be overexpressed in
females’ autoimmunity. Furthermore, recent data suggest that
X-linked genetic factors are involved in epigenetic mechanisms
to avoid X chromosome inactivation, thereby enhancing female
susceptibility to autoimmune diseases (88).

Clinical features and outcomes in male
systemic lupus erythematosus

Due to the perception that SLE is a disease in women
of childbearing age, appropriate diagnosis and treatment are
often delayed in men. Overcoming this challenge requires an
awareness of the distinctive presentation of male SLE. Studies
worldwide have confirmed that the peak ages of SLE incidence
and prevalence are delayed for men compared to women
(89). Although considerable variability is reported according to
region and race, the mean age at diagnosis is 26—55 years for
men, compared to 26.3—42.6 years for women (90). The peak
incidence of SLE usually occurs for women in their 20s-50s,
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while that for men occurs in their 50s-70s (89). The prevalence
curve by age tends to be similar to the distribution of incidence
data, with the peak age of prevalence ranging from 45 to 69 years
for women and 40 to 89 years for men (89, 91).

Serologically, anti-dsDNA and anti-Smith antibodies have
been observed to occur more frequently in male SLE, whereas
some studies have reported lower levels of anti-Ro/SSA and anti-
La/SSB antibodies in male SLE (92-95). Although differences
occur depending on the reported group, anti-UI1-RNP and anti-
cardiolipin antibodies and low complement appear to occur
at almost the same rates in men and women (92, 96). Lupus
anticoagulant positivity is more common in men, combined
with smoking and alcohol use, which is related to a higher
prevalence of thrombosis in male SLE than in female SLE
(96-98). Additionally, renal, hematological, and neurological
involvement, as well as serositis features prominently in male
SLE, leading to rapid organ damage compared to female SLE
(94, 99). The increase in autoantibody production and the
development of lupus nephritis in male SLE is presumed
to be due to the global deletion of ERa or especially in B
cells (98).

Regarding skin involvement, discoid, and subacute
lesions occurred more frequently in male SLE, while
malar rash, photosensitivity, and Raynaud’s phenomenon
were (74, 90, 92, 94-104).

Musculoskeletal involvement and alopecia were reported

much less common
less frequently in male SLE, with fewer outpatient visits
and emergency department visits than in female SLE (93,
101, 105).

In relation to disease activity, SLEDAI scores and lupus
severity of disease index scores did not differ significantly
between the sexes in most studies (90, 94, 95, 98, 104).
Conversely, renal damage is a major concern in male SLE, as
several studies reported that male sex is a strong predictor
of baseline damage and men have a high risk of developing
chronic renal failure (91, 92, 105-109). In cohorts in the
United States and Taiwan, male sex was associated with
a 2-fold greater risk of end-stage renal disease (99, 110).
However, in a recent study using the national data system
in the United States, similar rates for both sexes were
reported for end-stage renal disease and mortality (105).
Increased incidence of cardiovascular events due to ischemic
heart disease or stroke was also reported among male
patients with SLE (90, 98, 100). In this regard, male SLE is
considered to have a poorer prognosis than female SLE due
to renal involvement and concomitant cardiovascular diseases.
Although survival rates vary, most studies did not report
statistically significant differences between men and women (90,
92,95, 105).

The clinical characteristics and outcomes of SLE display
notable sex differences, which are most influenced by sex
hormones. However, considering age, race, national health
system, and small cohorts of male patients with SLE, further
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studies are needed to unravel the mystery of male SLE and
potential therapeutic interventions for the disease.

Influence of hormone therapy on
systemic lupus erythematosus

Oral contraceptives and systemic lupus
erythematosus

17a-ethinyl estradiol, a synthetic analog of 17B-estradiol
(E2), is a major component in OCPs and has been commonly
used in hormone therapy. As the timing of pregnancy
greatly contributes to success in SLE and flares cause adverse
pregnancy outcomes, contraception is often considered for
women with SLE, leading to the use of OCPs (111). Two
major categories of OCPs, combined oral contraceptives (COCs)
that contain estrogen and progesterone and progestin-only
formulations, are commonly used as reversible contraceptives
and are mostly safe (112). However, reflecting on the
unpredictable and variable nature of SLE, OCPs have been
considered unsafe and not often prescribed for women with
SLE (113, 114). Several studies have reported controversial
results regarding the use of OCPs in patients with SLE
(Table 1). The role of exogenous estrogen as a flare
factor was first reported in a case report in the 1960s
(115). Early case reports and retrospective studies supported
that the patients with established disease exposed to OCPs
were at risk for developing SLE (105-120). A frequently
cited and representative retrospective study reported by
Jungers et al. found that flares occurred in 43% of patients
with lupus nephritis when taking COCs, which was not
observed with progestin-only formulations (117). In another
retrospective study based on self-reported flares, 13% of patients
experienced flares after initiating OCPs, particularly with
musculoskeletal symptoms (120). Moreover, several cases of
pulmonary hypertension and venous thromboembolism have
been reported in patients with SLE after the use of OCPs
(118, 121).

In addition to its association with disease activity, case
reports and prospective cohort studies have reported newly
diagnosed SLE after the initiation of OCPs (10, 119, 121-
125). Sanchez-Guerrero et al. and Costenbader et al. reported
associations between OCP use and SLE onset in 1997 and 2007,
respectively, using the same population from the Nurses’ Health
Study cohort (124, 125). The relative risk (RR) of OCP users
compared to that of never users was 1.9 (95% confidence interval
[CI] 1.1—3.3) in the first study and 1.4 (95% CI 0.9—2.1) in the
second study. Another highly supportive study conducted in the
United Kingdom evaluates the risk of SLE incidence related to
COC use (10). In this study, COC use was associated with an
increased risk of SLE (RR 1.19, 95% CI 0.98—1.45), especially in
women who recently started using contraceptives or at higher
doses. Malignant hypertension and vascular complication have
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also been reported in women with incomplete SLE featuring
anti-DNA and antiphospholipid antibodies (119).

However, case-control studies have reported contradictory
results (126-129). The first case-control study assessing the
association between OCP exposure and risk of SLE was
performed in 1985 with 109 cases of SLE and 109 HCs, reporting
that recent use of OCPs was independent of SLE onset (odds
ratio 0.5, 95% CI 0.11—2.3) (126). A case-control study from the
United States with 195 cases of SLE and 143 HCs also showed no
association between SLE and either any or recent use of OCPs
(127). Although studies with similar results have been reported,
limitations such as selection bias have hampered the precision of
these studies (128, 129). Some studies have suggested that OCP
use does not equally affect all individuals and triggers SLE by
inducing antinuclear antibodies in predisposed individuals with
autoimmune serologies (130).

Two higher-quality randomized controlled trials (RCT)
were conducted to clarify this discrepancy between conflicting
results (131, 132). The first RCT was a single-blinded, non-
placebo study that followed 162 patients with stable SLE
randomly assigned to a COC, intrauterine device, or progestin-
only pill for 12 months. In this study, disease activity, flare
incidence, and time-to-first flare did not differ significantly
among the groups treated with different types of contraceptive
therapy (131). The second double-blind RCT, the Safety
of Estrogen in Lupus Erythematosus National Assessment
(SELENA) study conducted in the United States, included
183 patients with inactive or stable active SLE randomly
assigned to receive placebo or COC for 12 months (132). As
with the previous RCT results, the flare rates were similar
between the two groups, and the discontinuation rates did not
differ for any reason.

Available evidence from RCTs supports the safety of OCPs,
namely, COC, in most women with SLE. Based on these results,
the World Health Organization published useful information
regarding contraception for women with SLE, suggesting that
most OCPs can be used by women with SLE if antiphospholipid
antibodies are absent or cardiovascular risk factors are unclear
(113). Since both RCTs excluded patients with SLE with unstable
active diseases, the results may not be applicable to all women
with SLE. Considering the data to date, the effects and risks of
OCPs on SLE may vary depending on the dose, duration of use,
and type of hormone used. Despite being theoretically possible,
the use of OCPs should be fully discussed with respect to the
balance of benefits and risks for each individual patient. Most
importantly, OCPs are contraindicated for women with SLE
displaying positive/unknown antiphospholipid antibodies or a
history of thrombosis under all circumstances (133, 134).

Hormone replacement therapy and systemic
lupus erythematosus

Hormone replacement therapy (HRT) is the most effective
method for relieving menopausal symptoms such as vasomotor
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TABLE 1 List of studies on the risk of disease onset or flares in patients with systemic lupus erythematosus using oral contraceptives.

Study design Study Oral contraceptives, dose Main findings References
population
SLE Flares
Case report 23-year-old female COC, 3 mg norethisterone + 50 g ethinyl Flare (high fever, arthritis, malar rash) in 1 (115)
estradiol week
Case report Two cases POC, Mestranol 100 g Flare (arthritis) in 10 days (116)
POC, Mestranol 80 pug Flare (skin rash) in 3 months
Retrospective study 26 Lupus nephritis COC, 50 pg (14 patients) and 30 ug (7 - Incidence of flare: 43% in COC groups (117)
patients) ethinyl estradiol within 3 months
POC (11 patients) - No flare in POC group
Case report 16-year-old female 30 pg ethinyl estradiol + 150 pug Pulmonary hypertension in 7 months later (118)
levonorgestrel
Retrospective study 85 SLE COC (31 patients), 30 pg ethinyl - Incidence of flare: 4 (13%) during the (119)
estradiol + 150 jug levonorgestrel/75 pug first 6 months
gestodene - Incidence of flare was similar as in
POC (32 patients) patients not using OCPs
Other unspecified
Retrospective 55SLE OCP unspecified Incidence of flare: 7 (13%) reported an (120)
questionnaire study exacerbation of disease activity, mostly
musculoskeletal system
RCT, single blind, 162 SLE COQC, 35 g ethinyl estradiol + 150 g No difference among groups in mean (131)
non-placebo, (< 40 years old, with levonorgestrel activity, incidence of flares or time to first
follow-up 12 months mild or stable POC, 30 jug levonorgestrel flare
disease) TUD (TCu 380A copper device)
RCT, double blind 183 stable or inactive Triphasic ethinyl estradiol No differences between groups in (132)
placebo-controlled, SLE (91 OCP vs. 92 35ug + norethisterone at a dose of 0.5—1 occurrence of flares of any type (Severe
follow-up 12 months placebo) mg for 12 cycles of 28 days lupus flare occurred in 7.7% of OCP group
vs. 7.6% in the placebo group)
SLE onset
Case report False positive COC, 1 mg norethisterone + 50 pg ethinyl Developed SLE 3 weeks after the start of (122)
serological test for estradiol ocCp
syphilis
Case report False positive 1 mg ethynodiol diacetate + 50 pg ethinyl Developed SLE 4 weeks after the start of (123)
serologic prenuptial estradiol OCP and improved with withdrawal of
syphilis test ocCp
Case report 22-year-old female 30 pg ethinyl estradiol + 250 g Developed pulmonary hypertension (121)
levonorgestrel related to SLE in 9 months
Case control study 109 SLE and 109 OCP unspecified No association between OCPs and SLE (126)
controls
Case report 24-year-old female 30 pg ethinyl estradiol Developed malignant hypertension who (119)
has incomplete SLE with DNA antibodies
and high levels of antiphospholipid
antibodies
Case control study 195 SLE and 143 OCP unspecified No association between OCPs and SLE (127)
controls
Prospective cohort 99 SLE confirmed Use of OCPs based on self-report - Past users vs. never users: RR 1.9 (95% (131)
study among NHS cohort CI1.1-3.3)
121,645 women - No relationship with duration of OCP
use
Case control study 85 SLE and 205 Use of OCPs containing estrogen based on No association between OCPs and SLE (128)
controls self-report
Population-based 240 SLE 240 and 321 OCP unspecified No association between OCPs and SLE (129)
case control study controls
Prospective cohort 262 SLE confirmed Use of OCPs based on self-report - Ever use of OCPs: RR 1.5 (95% CI (125)
study among NHS cohort 1.1-2.1)
238,308 women - Highest risk with short duration
(< 2 years) of OCPs: (RR 1.9, 95% CI
1.3-2.8)
(Continued)
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TABLE1 Continued
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Study design Study Oral contraceptives, dose Main findings References
population

Population based 786 SLE and 7,817 COC exposure - Any use of OCPs: RR 1.19 (95% IC: (10)

nested case controls First- and second-generation (ethinyl 0.98-1.45)

control-study

estradiol combined with the progestatives
norethisterone, levonorgestrel, and
norgestrel) vs. third-generation (ethinyl
estradiol and either gestodene, desogestrel,

- Current use of OCPs: RR 1.54 (95% IC:
1.14-5.57)

- Risk was higher in current users who
recently started (RR 2.52, 95% CI:

or norgestimate)

1.14-5.57), first or second-generation OC
(RR 1.65, 95% CI 1.20-2.26), and increase
with dose of ethinyl estradiol (RR 1.42,
1.63, and 2.92 for < 30 g, 31—49 pg,
and > 50 g, respectively)

SLE, systemic lupus erythematosus; COC, combined oral contraceptives; POC, progestin-only oral contraceptives; OCP, oral contraceptives; NHS, nurses” health study; RR, relative risk;

CI, confidence interval.

hot flashes, atrophic vaginitis, and urinary incontinence or
frequency (135). In the 1980s and 1990s, early observational
data supported that HRT reduced coronary heart disease
and mortality, and initial data from the Women’s Health
Initiative (WHI) RCT demonstrated a decreased incidence
of osteoporosis-related fractures in postmenopausal women
undergoing HRT (136, 137). Thus, HRT was widely used in
menopausal women for 20 years. However, in the early 2000s,
data from the WHI trial suggest that HRT was associated
with an increased risk of invasive breast cancer, coronary
heart disease, stroke, and pulmonary embolism, leading to an
abrupt decline in the use of HRT in postmenopausal women
worldwide (138, 139). Although the WHI was the largest
RCT on HRT, only two hormone formulations were evaluated.
Subsequent studies have changed the approach to HRT by
evaluating different dosages and routes of estrogen therapy,
namely, transdermal HRT or an ultra-low-dose oral product,
and have recently demonstrated that the benefits outweigh
the risks in women within 10 years of menopause and short-
term use of low-dose HRT to alleviate menopause symptoms
(140, 141).

Although HRT is
menopausal symptoms in the short term and protect against

generally considered to relieve
chronic diseases in the long term for the general female
population, many inconsistencies have been reported in
patients with SLE. Table 2 lists the characteristics of studies
investigating the relationship between HRT and SLE. A large
prospective cohort study in 1995 reported that HRT was
causally associated with an increased risk of developing SLE in
postmenopausal women (142). In this study, the age-adjusted
relative risks for the onset of SLE were 2.1 (95% CI 1.1—4.0)
for ever users, 2.5 (CI 1.2—5.0) for current users, and 1.8 (CI,
0.8—4.1) for past users, compared with never users, and the
duration of hormone use and risk of SLE were proportional.
Additionally, a case-control study by Meier et al. reported that
the risk of developing SLE increased as the duration of hormone
use increased, and the magnitude of risk was related to estrogen
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dose (143). However, some studies have found no evidence of a
significant increase in the incidence of SLE with HRT use (129).

Several early retrospective case-control studies failed to find
an association between flares and HRT (144-146). Although
these were very small studies with insufficient data, the
conclusion that HRT had a minimal effect on inflammatory
markers and did not change disease activity (expressed by
SLEDAI) was similar in all published observational studies.
Conversely, case and prospective cohort studies have provided
evidence linking HRT to flares (9, 147). In one case report,
a woman diagnosed with SLE maintained remission status
after menopause at 38 years of age but relapsed after taking
estrogen as a treatment for osteoporosis at 64 years of age
(147). The largest clinical trial to date investigating the effects
of HRT on disease activity in patients with SLE was part
of the SELENA trial, in which mild to moderate flares were
significantly increased in the HRT group (9). However, neither
the occurrence of severe flares nor the mean SLEDAI scores
changed significantly between the HRT and placebo groups in
this study. In another prospective study conducted by Sanchez-
Guerrero et al. HRT use did not change the disease activity in
SLE during 2 years of treatment (148).

As with taking OCPs, the greatest concern regarding HRT
is the increased risk of arterial or venous thrombosis. Most
studies on HRT in patients with SLE found a link between
HRT use and thrombotic events (129, 144, 145, 148-151).
Although the risk of developing thrombosis increases after HRT
or menopause in healthy women, the incidence of thrombosis
in women with SLE increased dramatically from 0.08 to 0.11
per 1,000 person/year to 5.1 per 1,000 person/year (149, 150,
152). Several RCTs reported that HRT use alone did not
increase the risk of thrombosis or coronary heart disease for
patients with SLE with inactive or stable active disease, negative
antiphospholipid antibodies, and no history of thrombosis (9,
153, 154). The effects of hormones on thrombosis and the
reported data indicate that HRT is not safe in patients with SLE
with antiphospholipid antibodies or prior vascular thrombotic
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TABLE 2 List of studies on the risk of disease onset or flares in patients with systemic lupus erythematosus using hormone replacement therapy.

Study design Study Hormone replacement therapy, = Main findings References
population dose
SLE flares
Case control study 60 SLE (30 HRT HRT unspecified - No differences between the two groups in (144)
users and age ESR, hospital admission, or medications
matched 30 - HRT users experienced significant
never users) improvements in general wellbeing, libido
and depression.
Case control study 48 SLE (16 HRT Estrogen dose (0.3—0.625 mg) and the The use of HRT does not appear to (145)
users and age progestogen dose (0—10 mg of MPA) increase the rate of flares (SLEDAI
matched 32 change) over a 1-year follow-up
controls)
Case control study 34 SLE (11 HRT 0.625 mg of CEE (Days 1-21) and MPA No difference in flares (0.12 (146)
and 23 5 mg daily (Days 10-21) relapses/patient-year in HRT group vs.
non-HRT users) 0.16 relapses/patient-year in the non-HRT
group, p = 0.90) and SLEDAI change (total
SLEDAI score increase during
flares/patient-year in the HRT and
non-HRT groups were 0.55 and 1.22,
respectively, p = 0.57) between two groups
Case report 64-year-old Estrogen for osteoporosis treatment Flare of SLE in a 64-year-old woman in (147)
female remission status after taking estrogen as a
treatment for osteoporosis
Randomized, 351 menopausal 0.625 mg of CEE daily, plus MPA 5mg for - Mild to moderate flares were 9)
double-blind, patients with 12 days per month significantly increased in the HRT group:
placebo-controlled inactive (81.5%) 1.14 flares/person-year for HRT and 0.86
non-inferiority trial or stable-active flare/person-year for placebo (RR 1.34;
(18.5%) SLE P=0.01)
- HRT did not significantly increase the
risk for severe flare compared with
placebo
Double-blind, 106 SLE (52 0.625 mg of conjugated estrogen daily, - Menopause hormonal therapy did not (148)
randomized clinical HRT users and plus 5 mg of medroxyprogesterone for alter disease activity (SLEDAI score)
trial 54 placebo) 10 days per month during 2 years of treatment
- Increased risk of thrombosis in hormone
therapy group
SLE onset
Prospective cohort 45 SLE Use of HRT based on self-report - Ever uses of HRT: RR 2.1 (95% IC: (142)
study confirmed 1.1-4.0)
among NHS - Current uses of HRT: RR 2.5 (95% IC:
cohort 69,435 1.2-5.0)
women - Past use of HRT: RR 1.8 (95% IC:
0.8-4.1)
- HRT is associated with an increased risk
for developing SLE
Case control study 41 SLE, 34 HRT unspecified - Developing SLE (adjusted OR 2.8; 95% (143)
discoid lupus, CI0.9-9.0) or discoid lupus (adjusted OR
and 295 age- and 2.8;95% CI 1.0-8.3) who were exposed for
sex-matched 2 or more years
controls - Increased risk in estrogen only (OR 5.3;
95% CI 1.5-18.6) rather than
estrogen + progesterone (OR 2.0; 95% CI
0.8-5.0), compared to non-users.
Population-based 240 SLE 240 and HRT unspecified No association between HRT and SLE (129)
case control study 321 controls
Prospective cohort 262 SLE Use of HRT based on self-report Ever use of HRT: RR 1.9 (95% CI 1.2-3.1) (125)
study confirmed
among NHS
cohort 238,308
women

SLE, systemic lupus erythematosus; HRT, hormone replacement therapy; ESR, erythrocyte sedimentation rate; MPA, medroxyprogesterone acetate; SLEDALI systemic lupus erythematosus

disease activity index; CEE, conjugated equine estrogens; RR, relative risk; NHS, nurses’ for more details.
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events. Smoking, old age, female sex, disease activity, and
glucocorticoid dose are also known to increase the risk of
thrombosis; therefore, HRT use should be cautioned for patients
with these risk factors (155).

Furthermore, the influence of HRT on malignancy risk is a
serious concern for women. In the general population, cancer
risk was increased by 9% among users of HRT, which carried
widely depending on the type of cancer and HRT regimen
(156). In particular, the relationship between HRT and female
reproductive organ cancers, such as breast, endometrial, and
ovarian cancer, is of great interest. Fortunately, the risk of these
cancers is rather decreased in women with SLE (157, 158). The
tendency of patients with SLE to have a higher age at menarche
and lower age at menopause compared to the general population
leads to a decrease in lifetime estrogen exposure, reducing the
incidence of female reproductive organ cancers (159). Studies
on the causal relationship between cancer incidence and HRT
in patients with SLE are rare, and the association between
cancer and HRT in SLE has not yet been clarified in published
studies (160).

In conclusion, HRT use needs to be individually tailored
in consideration of various conditions. For women with
SLE, transdermal or percutaneous estrogen formulations are
preferred over oral preparations, and micronized progesterone
or pregnane derivatives are preferred over non-pregnane when
using combined estrogen and progesterone HRT. Moreover,
if HRT is unavoidable in active disease, non-estrogenic drugs
should be selected first (161).

Conclusion

The effects of sex hormones, estrogen, and their receptors,
especially ERa, have been found to promote autoimmune
responses, namely, autoantibody production, and Thl17
differentiation. In addition, DC activation and a type I IFN
signature are modulated through TLR-7 and TLR-9 by estrogen
or its receptor. While androgens inhibit B cell activation,
testosterone and other androgens have not demonstrated
therapeutic effects against SLE. Although sex hormones change
during the menstrual cycle, flares rarely occur according
to the menstrual cycle. Defective androgens are associated
with male SLE, which is characterized by more frequent skin
involvement and higher risk for renal damage. Although
conflicting results have been reported regarding the use of OCPs
and HRT in women with SLE, their use raises the risk of flares
or cardiovascular diseases in patients with antiphospholipid
antibodies or a history of thrombosis; therefore, hormone
therapy for patients with SLE should be decided through
close consultation.
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