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ABSTRACT

Gender equity is a worldwide motto in the current scenario and is the need of the century. But there are certain natural factors that may seem to show
gender inequality. It is interesting to study those aspects of gender bias related to human diseases. This helps in better diagnosis and early treatment
plan for diseases that show gender inequality. This article aims to discuss about the various factors that contributes to the 'gender bias' by nature.
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INTRODUCTION
Autoimmune diseases are conditions in which host immune system
attack its own cells.

There are over 100 types of autoimmune diseases that predominantly
affect women. Approximately 80% of all patients diagnosed with
autoimmune diseases are women.' It is interesting to understand the
reason behind this as it can lead to development of better treatment
modalities, thereby providing better quality of life and reduced
morbidity rate in patients affected by autoimmune diseases.

Immune System

Immunological response is different in males and females. Females
have stronger immune reactivity, but it acts as a double edged sword.
On one side it decreases the chance of development of infectious
disease and on the other side it increases the susceptibility of
developing autoimmune diseases. * It was hypothesised that B cell
activation and antibody production is more in females compared to
males.” CD4+ T-cell counts is found to be higher in females compared
tomales. Females also show elevated plasma IgM and T-helper 1 (Th1)
cytokine production.‘The gender bias in autoimmunity could be due to
the difference in immune system in males and females. There are
certain factors which are responsible for the difference in immune
reactivity in males and females. Role of these factors are discussed
below.

Role Of Hormones

Female hormones play a major role in creating a gender bias in
development of autoimmune diseases. Females undergo major
endocrine transitions in their life time compared to males. There are
major fluctuations in hormone levels during puberty, pregnancy,
lactation and menopause.” * Difference in severity of autoimmune
disease during these endocrine transitions clearly indicates the role of
hormones in development and progression of these autoimmune
diseases. Many sex hormone receptors are found to be present on
immune cells; also there are cytokine receptors on hormone producing
tissues. Sex hormones affect autoimmunity by their effect of gene
transcription.” Studies had shown that estrogen makes females more
susceptible to autoimmune diseases while androgen plays protective
mechanism against autoimmune diseases.” Estrogen affects the
expression of intracellular Toll like receptors (TLRs). Studies have
shown that the production of proinflammatory cytokines increases
significantly in presence of estrogen.’

Estrogen increase B-cell activation and enhances antibody production
while testosterone and progesterone have immunosuppressive effect.
Androgen helps in CD8 + cell activation. Androgen causes increase in
anti-inflammatory cytokines and decrease in proinflammatory
cytokines. Italso decreases NK cell activation.’

Pregnancy

Pregnancy involves many physiological changes. Change in various
hormone levels are seen in pregnancy.” Change in severity of
autoimmune disease is seen during pregnancy when level of estrogen
and progesterone reaches its peak." Hormones may not have same
impact on different autoimmune diseases. Effect of pregnancy is
contrasting in inflammatory autoimmune diseases and antibody
mediated autoimmune diseases. For example, remission is seen in case

of inflammatory autoimmune diseases such as multiple sclerosis (MS)
and rheumatoid arthritis (RA) and increase in severity seen in antibody
mediated autoimmune diseases such as systemic lupus erythematosis
(SLE)."”There is a shift in activity of type 1 helper T cells (Th1) to type
2 helper T (Th2) cells during pregnancy. There is increased Th2-related
and reduced Thl-related activities. Therefore during pregnancy the
severity of Thl-mediated diseases decreases while severity of Th2-
mediated diseases increases. This may be the cause of remission seen
in case of rheumatoid arthritis during pregnancy.*'*Microchimerism is
another factor associated with pregnancy which contributes to
susceptibility to autoimmune diseases.” Microchimerism is the
phenomenon of persistence of fetal cells in maternal circulation even
after pregnancy.” Studies had shown microchimerism to be associated
with autoimmune thyroid disease and systemic sclerosis. Various
studies regarding the effect of microchimerism in development of
autoimmunity had shown conflicting results.'

Lactation

Level of pregnancy hormone decreases after pregnancy but the
increased level of prolactin and oxytocin is present during lactation
period. Main action of prolactin is on mammary gland. Prolactin
receptors are seen in T lymphocytes and monocytes. "Prolactin favours
antibody production.”

Menopause

During menopause level of estrogen and progesterone reduces and
FSH level increases. Also many immunological changes happens
during menopause which include increased production and response to
pro-inflammatory cytokines, decreased secretion of anti-inflammatory
cytolﬁi(r}fs, decreased lymphocyte levels, and decreased activity of NK
cells. ™

All these factors together may contribute to increased incidence of
autoimmune diseases during menopause. There are conflicting reports
about the effects of menopause on various autoimmune diseases.
Reduction in frequency of flare-ups is reported in case of SLE. In
contrast physical disability score is found to be higher in
postmenopausal women with RA."

Chromosomes

The major differentiating factor between the two genders is the sex
chromosome. Males have XY chromosome while females have XX
chromosome." X chromosome is larger than Y chromosome which
means there is more number of genes on X chromosomes. There are
800-900 genes on X chromosome and 50-60 genes on Y chromosome.
Also greater number of immune related genes is present on X
chromosomes. Since females have two X chromosome this obviously
puts females at greater risk of developing autoimmune diseases."

X Chromosome Inactivation

Since there are two X chromosomes in females, one of the X
chromosomes gets silenced during embryogenesis to prevent over
expression of X chromosome-derived proteins. During this process
some of the genes escape the inactivation. This leads to overexpression
of certain genes.’ Inactivation of X chromosome is usually random in
all cells. Either the X chromosome from mother gets inactivated or X
chromosome from father can get inactivated. There is equal chance of
both. But in certain cases X chromosome inactivation gets skewed and
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can favour one of the two X chromosomes. Studies have shown that
skewed X chromosomes are more prevalent in patients with
autoimmune diseases compared to healthy individuals.” Skewed X
chromosome inactivation has been reported in scleroderma,
rheumatoid arthritis and systemic sclerosis” but not seen in primary
Sjogren's syndrome, systemic lupus erythematosus or multiple
sclerosis.”

MicroRNAs (miRNA)

Difference in expression of miRNA is noted in males and females.
Higher number of miRNA are seen in X chromosomes compared to Y
chromosomes. Studies have shown disregulation of miRNA in SLE.
Overexpression of miRNA is seen in females with SLE but this is not
seen in males. Presence of two X chromosomes may be the reason for
this overexpression.”

Any of these factors or synergic action of these factors can be
considered as the reason behind the gender bias seen in autoimmune
diseases. Below discussed are various common autoimmune disorders
showing oral manifestations and the factors responsible for gender
bias in each disease.

Systemic Lupus Erythematosus

Systemic lupus erythematosus (SLE) is a severe and chronic
autoimmune inflammatory disease. SLE has a female to male ratio of
8:1.” Lack of X inactivation and overexpression of CD40LG and
CXCR3 genes is seen in SLE patients.”'In SLE presence of antinuclear
antibodies are seen. Estrogen enhances the production of these
antibodies.” Studies have shown that transitional states in women
favour development of SLE. A decline in incidence rate is seen after the
age of 60 years.” Female to male ratio in SLE is lesser before puberty
and after menopause which suggest the effect of hormones in
development of SLE.”

Rheumatoid Arthritis (RA)

Rheumatoid arthritis is characterized by chronic inflammation of
joints. Rheumatoid Arthritis shows female to male ratio of 4:1.
Incidence of rheumatoid arthritis is found to be higher in
perimenopausal women.” Estrogen by its effect on interleukin-10 (IL-
10) and transforming growth factor-f (TGFB), has the ability to
decrease inflammation. Level of estrogen decreases during menopause
which may be the reason behind increased incidence of rheumatoid
arthritis in perimenopausal women." Therefore hormonal changes can
be considered as the contributing factor for the female predilection in
case of theumatoid arthritis.

Sjogren Syndrome

Sjogren Syndrome is an autoimmune disease showing oral and ocular
manifestations. Sjogren Syndrome shows a female: male ratio of 9:1.
Flare ups are seen during menarche and menopause which point
towards influence of hormones.” Similar to rheumatoid arthritis
estrogen plays a major role in development of Sjégren syndrome.
There is decrease in estrogen level during menopause. Also females
have increased level of antibody production which can contribute to
development of Sjogren syndrome.

Pemphigus

Pemphigus is an autoimmune disease characterized by bullae and
erosions of the skin and mucous membranes. Studies had showed a
female predominance in pemphigus. Prognosis is also found to be poor
in females compared to male. Exact reason behind female predilection
in pemphigus is not known, but presence of HLA alleles which are
indicators of severe pemphigus is seen more commonly in females.”

Systemic Sclerosis

Systemic sclerosis is an autoimmune disease affecting multiple
systems including skin, joints, lungs and heart. Systemic sclerosis
shows female predilection with 4:1 ratio.” Defect in X chromosome
inactivation is considered to be the reason behind this.” Studies had
showed increased level of estrogen causing skin disease in patients
with systemic sclerosis. Correlating this fact systemic sclerosis shows
anincreased incidence during child bearing age."

Psoriasis

Psoriasis is an autoimmune disorder characterized by hyperkeratosis
Hormonal changes play an important role on development of psoriasis
in females. Flare ups are also found to be seen in response to hormonal
changes. Development of psoriasis is found to be associated with

changes in sex hormones, prolactin, glucocorticoids, epinephrine,
thyroid hormone, and insulin."*

Lichen Planus

Oral lichen planus is a mucocutaneous disorder affecting both skin and
mucous membrane including oral cavity. Though the exact etiology is
not known, a T cell mediated immune response is considered to be
associated with the development of lichen planus.” It shows a female
predilection. It is mostly seen in age group of 30-60 years, which is the
reproductive age which suggest role of hormone in development of
lichen planus.”

Effect Of Gender On The Severity Of Autoimmune Diseases
Severity of autoimmune disease may also vary with gender. Gender
biases in severity of autoimmune diseases are not very evident as the
prevalence. “Further research is required in this area.

Effect Of Gender On Mortality Rate

In autoimmune diseases reduced life expectancy is seen compared to
general population. Studies suggest that gender can have influence on
mortality rate of autoimmune diseases. Some studies have shown
greater mortality rate associated with female gender in case of SLE.”

Effect Of Gender On Treatment Response

Certain studies had shown gender bias in treatment response to various
autoimmune diseases. Studies in different countries have shown that
TNF inhibitor therapy for rheumatoid arthritis showed better
remission rates in males compared to females.™ Also females have
shown greater adverse effect for biological therapies.”

Gender Bias In Infectious Diseases
Though increased immune response makes females more susceptible
to development of autoimmune diseases, it is an advantage in case of
infectious diseases. There are various studies showing increased
incidence of infectious disease in males, for example tuberculosis
shows male to female ration of 2:1.%

Another important finding is increased incidence and mortality rate in
males in COVID 19 (SARS-CoV-2) infection. ” According to the
studies done so far ACE 2 are considered to be the receptors for SARS-
CoV-2."* ¥ Expression of ACE 2 is found to be higher in males
compared to females.” this may be one of the reason for the male
predominance in case of SARS-CoV-2 infection. Since there are
limited number of studies done related to SARS-CoV-2 infection there
may be many other factors which might influence this gender bias
which s yet to be studied.

CONCLUSION

The gender bias in autoimmune diseases must be because of complex
interaction between the factors like pregnancy, lactation, menopause,
chromosomal factors and presence of micro RNA. Further studies are
required to prove these, and to develop new treatment modalities
considering the influence of these factors in development, severity and
treatment response in various autoimmune diseases.
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