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Abstract Several clinical studies show a gender dimor-

phism of immune and organ responsiveness in the

susceptibility to and morbidity from shock, trauma, and

sepsis. However, there are conflicting reports on the role of

gender in outcomes. Animal studies of shock, trauma, and

sepsis have confirmed that alterations in immune and organ

functions are more markedly depressed in adult males and

in ovariectomized and aged females. In this review, we

discuss the effect of estrogen on liver, intestinal, splenic,

and renal functions in an experimental model of sepsis,

trauma, and reperfusion injury. To establish the role of

gender in the outcome of these patients, more studies in

clinical and experimental settings are required to determine

whether gender-specific responses are global across the

injuries or are observed in specific injury situations. Studies

are also needed to delineate underlying mechanisms

responsible for differences between males and females.

The findings gained from the experimental studies will

help in designing innovative therapeutic approaches for

the treatment of sepsis, trauma, and reperfusion injury

patients.
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Introduction

It is well known that gender dimorphism exists in trauma,

shock, and sepsis. In sepsis patients, the preponderance of

morbidity and mortality was shown in males as compared

to females [1]. As well as sepsis patients, there is a report

that showed a significantly higher incidence of bacteremic

infections in traumatized males than in females [2].

Another report also demonstrated a significantly higher

incidence of pneumonia in males in severely injured

patients [3]. Furthermore, a significantly higher survival

rate was observed in women compared to men following

the onset of sepsis [4]. Similar gender-dimorphic findings

have been demonstrated in experimental studies following

severe blood loss and the induction of sepsis [5, 6].

Immune response following trauma-hemorrhage (T-H)

depends on the sex steroid environment. Gender-specific

immune response may be caused by the different effects

and roles of sex hormones. Several studies were conducted

to elucidate the effect of sex steroids on cell-mediated

immune responses following sepsis, trauma, and reperfu-

sion injury. These studies showed that male sex hormones

play an important role in mediating immunosuppressive

effects. In contrast, female sex hormones are immunopro-

tective. In this article, we describe the role of estrogen in

liver, intestinal, splenic, and renal pathogenesis in experi-

mental animal settings.

Effect of estrogen on hepatic system

Sepsis

Studies have shown gender dimorphic response of the liver

for endotoxemia. Erikoglu et al. [7] investigated the

T. Kawasaki � I. H. Chaudry

Department of Surgery, University of Alabama at

Birmingham, Birmingham, AL 35294, USA

T. Kawasaki (&)

Department of Anesthesiology, University of Occupational

and Environmental Health, 1-1 Iseigaoka, Yahatanishi-ku,

Kitakyushu 807-8555, Japan

e-mail: takasi-k@med.uoeh-u.ac.jp

123

J Anesth (2012) 26:892–899

DOI 10.1007/s00540-012-1426-2



differences between male and female rats and the effects of

sex hormones on tissue changes in liver in a sepsis model.

Female rats showed less liver tissue damage and less sys-

temic endotoxemia than male rats. Estrogen treatment

improved congestion, portal inflammation, and focal

necrosis of the liver. Sener et al. [8] also showed estrogen

protects liver function, which was assessed by serum

aspartate aminotransferase and alanine aminotransferase

levels, and oxidative liver injury by its antioxidant

properties.

Trauma

Many studies have shown a beneficial effect of estradiol on

liver function in trauma-hemorrhage shock models. Mizu-

shima et al. [9] demonstrated that estradiol has salutary

effects on depressed hepatocellular functions following

trauma-hemorrhage in male animals. Administration of

estradiol significantly improved hepatocellular function

(i.e., maximal velocity and overall efficiency of in vivo

indocyanine green clearance).

Kupffer cells (KC) have been reported as a major source

of proinflammatory cytokines [i.e., interleukin (IL)-6,

tumor necrosis factor (TNF)-a], which have been impli-

cated in the pathogenesis of trauma-hemorrhage. Yokoy-

ama et al. [10] investigated whether estradiol has a direct

effect on KC cytokine production following trauma-hem-

orrhage. They found direct downregulation of KC IL-6

production by estradiol at a molecular level, which might

explain in part the previously observed salutary effects of

estradiol treatment following trauma-hemorrhage. Suzuki

et al. [11] demonstrated that effects of estradiol on KC

cytokine production (IL-6, TNF-a, IL-10) are mediated via

estrogen receptor (ER)-a and via normalization of mitogen-

activated protein kinase (MAPK) activation. Eckhoff et al.

[12] also showed that KC-derived monocyte chemoattrac-

tant protein (MCP)-1 plays a major role in organ dys-

function after ischemia–reperfusion (I/R). They found that

administration of estradiol following trauma-hemorrhage

modulates MCP-1 release and reduces organ damage, and

salutary effects of estradiol are mediated via ER-a [12]. In

addition, Shimizu et al. [13] showed the salutary effects of

estradiol against hepatic injury are mediated predominantly

via ER-a, which directly modulates KC cytokine-induced

neutrophil cytokine-induced neutrophil chemoattractant

(CINC)-1 production and hepatic neutrophil accumulation

following trauma-hemorrhage. Administration of estradiol

following trauma-hemorrhage decreased KC TLR4

expression and also prevented the phosphorylation of p38

MAPK and NF-jB [14]; this was accompanied by nor-

malization of KC IL-6, TNF-a, macrophage inflammatory

protein (MIP)-1a, and MIP-2. TLR4 mediates mitochon-

drial DNA (mtDNA) damage and biogenic responses [15].

Mitochondrial transcription factor A (Tfam) is an essential

regulator for mtDNA transcription and adenosine triphos-

phate (ATP) production. Increased ATP levels were asso-

ciated with normalization of immune function following

trauma-hemorrhage. Administration of estradiol following

trauma-hemorrhage prevented the increase in KC TLR4,

inducible nitric oxide synthase (iNOS), and cytokine pro-

duction; this was accompanied by normalized ATP, Tfam,

and mitochondrial cytochrome oxidase I (mtCOI) levels.

Furthermore, the decreased KC ATP and mtCOI levels

were not observed in TLR4 mutant mice following trauma-

hemorrhage. Taken together, these findings suggest that

downregulation of TLR4-dependent ATP production is

critical to estradiol-mediated immunoprotection in KCs

following trauma-hemorrhage. The KCs are macrophages

in the liver whose major role is to clear circulating

pathogens. Decreased phagocytic capacity of KCs may

result in severe systemic infection. Hsieh et al. [16] found

that the depressed KC phagocytic capacity following

trauma-hemorrhage was enhanced by estrogen adminis-

tration and that this occurs as a result of maintenance of Fc

receptor expression and cellular ATP content via the acti-

vation of Akt. Trauma-hemorrhage suppressed KC

phagocytosis by decreasing Fc receptor expression and Akt

activation. Cellular ATP levels were also decreased fol-

lowing trauma-hemorrhage. Administration of estrogen

following trauma-hemorrhage increased phospho-Akt lev-

els and normalized KC phagocytosis.

With regard to the effects of estradiol on Akt activation,

there have been some investigations whether estradiol

prevents hepatic damage via Akt activation following

trauma-hemorrhage. Hsu et al. [17] demonstrated that Akt/

heme oxygenase (HO)-1 plays a role in estradiol-mediated

attenuation of hepatic injury following trauma-hemorrhage.

Trauma-hemorrhage increased hepatic injury marker

(a-GST and MPO) activity, cytokines, intercellular adhe-

sion molecule (ICAM)-1, and chemokine levels. These

parameters were markedly improved in estradiol-treated

animals following trauma-hemorrhage. Estradiol treatment

also increased hepatic Akt activation and HO-1 expression.

These results suggest that the salutary effects of estradiol in

decreasing hepatic injury following trauma-hemorrhage are

in part mediated via an ER-related, Akt-dependent upreg-

ulation of HO-1. Yang et al. [18] also demonstrated that

Akt-dependent enhanced HO-1 modulates inflammatory

responses and protects liver following trauma-hemorrhage

in proestrus animals.

Although the protective effects of estradiol on cardiac

functions are mediated via induction of heat shock proteins

(HSPs), this hormone also prevents hepatic injury by

attenuation of hepatic HSP32 mRNA/protein expression

after trauma-hemorrhage [19]. In the liver, HSP32 and

HSP70 were increased following trauma-hemorrhage.
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Estradiol administration following trauma-hemorrhage and

resuscitation increased liver HSP expression and amelio-

rated the impairment of liver function [20]. The ability of

estradiol to induce HSP expression in the liver suggests

that HSPs, in part, mediate the salutary effects of estradiol

on liver function following trauma-hemorrhage.

Although the salutary effects of estradiol on liver

functions are mediated via ER-a, the existence of another

novel ER, G protein-coupled receptor (GPR)30, has been

suggested as a candidate for triggering a broad range of

estradiol-mediated signaling. GPR30 also acts indepen-

dently of the ER to promote activation of the protein kinase

A (PKA) pathway, which protects cells from apoptosis

through Bcl-2. Hsieh et al. [21] examined whether the

salutary effects of estradiol in attenuating hepatic injury

after trauma-hemorrhage are mediated via GPR30- or ER-

a-regulated activation of PKA-dependent signaling. At 2 h

after trauma-hemorrhage, administration of estradiol con-

jugated to bovine serum albumin (E2-BSA, membrane

impermeable) or estradiol induced the upregulation of ER-

a and GPR30 and attenuated hepatic injury, which was

accompanied by increases in PKA activity and Bcl-2

expression. Inhibition of PKA in E2-BSA-treated trauma-

hemorrhage animals prevented the E2-BSA-induced

attenuation of hepatic injury. In additional studies, isolated

hepatocytes were transfected with small interfering RNA to

suppress GPR30 or ER [21]. The results showed that

suppression of GPR30 but not ER-a prevented E2-BSA- or

estradiol-induced PKA activation and Bcl-2 expression.

These results suggest that the nongenomic salutary effects

of estradiol in reducing hepatic injury following trauma-

hemorrhage are mediated through the PKA-dependent

pathway via GPR30 but not ER-a.

Interestingly, administration of flutamide, an androgen

receptor antagonist, following trauma-hemorrhage also

decreased hepatic injury [22]. The salutary effects of flu-

tamide appear to be mediated at least in part by increased

estrogen levels and via an ER-related pathway. Another

study [23] showed estradiol administration following

trauma-hemorrhage in males appears to directly upregulate

prolactin receptor (PRL-R) long-form gene expression in

hepatocytes. Thus, it appears that higher levels of female

sex steroids play an important role in maintaining liver

function.

The fine balance between vasoconstrictors and vasodi-

lators maintains portal circulation. Studies have shown that

portal response to endothelin (ET)-1, a potent vasocon-

strictor, is enhanced following hemorrhagic shock, which

subsequently leads to impaired hepatic circulation and

hepatic damage. Yokoyama et al. [24] investigated the

effects of estradiol on portal response to ET-1 following

trauma-hemorrhage. Peak portal pressure after the admin-

istration of ET-1 was significantly higher in trauma-

hemorrhage animals compared to sham animals. This effect

was significantly attenuated in the estradiol-treated

animals. Furthermore, estradiol treatment restored bile

production and prevented hepatic damage following

trauma-hemorrhage. These results suggest the beneficial

effects of estradiol following trauma-hemorrhage, at least

in part, are caused by the attenuation of portal pressure

response to increased ET-1.

Reperfusion injury

The salutary effects of estradiol are not restricted to

trauma-hemorrhage, because estradiol also produces salu-

tary effects following I/R to the liver. A previous study [25]

demonstrated that pretreatment of animals with estrogen

resulted in normalized KC function, amelioration of sinu-

soidal perfusion failure, and venular leukocyte–endothelial

cell interaction following liver I/R. Other studies [12, 26]

have also demonstrated that estradiol treatment signifi-

cantly reduced liver necrosis, disintegration of hepatic

cords, and neutrophil infiltration and overexpressed

HSP70. The protective effects of estradiol against I/R

injury to the liver are associated with selective modulation

of MAPK kinases [27].

Effect of estrogen on the intestinal system

Sepsis

Using cecal ligation and puncture method in rats, Sener

et al. [8] demonstrated that estrogen protects intestines

against sepsis-induced injury. Malondialdehyde levels,

myeloperoxidase activity, and collagen content were

increased in the ileum in septic rats. Estrogen treatment

improved this oxidative organ damage, suggesting that

treatment with estrogen might be applicable in septic

patients.

Trauma (perfusion failure)

The intestine is highly susceptible to hemorrhagic shock.

Splanchnic ischemia is the initial event that releases inju-

rious factors, leading to systemic disorders with high

morbidity and mortality. Ba et al. [28] showed that ET-1

appears to play an important role in intestinal perfusion

failure following trauma-hemorrhage. Estradiol adminis-

tration following trauma-hemorrhage, however, modulated

the vasoconstrictor effect of ET-1 and improved intestinal

perfusion in male rats under those conditions. Another

study [29] showed that estradiol administration following

trauma-hemorrhage improves small intestinal blood flow.

The authors found that angiotensin II (Ang II) plays a key

894 J Anesth (2012) 26:892–899

123



role in development of organ I/R injury. Estradiol admin-

istration following trauma-hemorrhage attenuated

increased intestinal MPO activity, Ang II level, and Ang II

subtype I receptor (AT1R) protein expression. The authors

concluded that Ang II plays a role in producing small

intestine inflammation following trauma-hemorrhage, and

the salutary effects of estradiol on intestinal inflammation

are mediated in part by Ang II and AT1R downregulation.

Furthermore, Kuebler et al. [30] demonstrated estradiol

improves systemic and intestinal perfusion following

trauma-hemorrhage.

In addition to intestinal MPO activity, trauma-hemor-

rhage also led to an increase in intestinal TNF-a, IL-6,

ICAM-1, CINC-1, CINC-3, and MIP-2 levels [31–33]. Hsu

et al. [31] demonstrated that this increase was accompanied

with a decrease in intestinal p38 MAPK activity. Admin-

istration of estradiol normalized all the foregoing param-

eters. These results suggest that the p38 MAPK pathway

plays a critical role in mediating the salutary effects of

estradiol on shock-induced intestinal injury. Another study

showed that administration of flutamide following trauma-

hemorrhage normalized all these parameters. The salutary

effects of flutamide administration on attenuation of

intestinal injury following trauma-hemorrhage appear to be

mediated via upregulation of ER-b-dependent HO-1

expression [32]. Furthermore, these parameters were also

improved significantly in estradiol-BSA-treated rats sub-

jected to trauma-hemorrhage. The phosphoinositide

3-kinase (PI3K)/Akt pathway plays a critical role in

mediating the nongenomic salutary effects of estradiol on

attenuation of shock-induced intestinal tissue damage [33].

Reperfusion injury

The intestine is highly susceptible to ischemia–reperfusion

(I/R) injury. Ozkan et al. [34] showed that resveratrol, an

antioxidant with the property of an estrogen-receptor ago-

nist, attenuates intestinal ischemia–reperfusion injury in

rats.

Hypoxia and acidosis

Previous studies documented that proestrus female animals

are more resistant to shock-induced acute gut mucosal

injury than male animals. Homma et al. [35] investigated

whether the female gut is more resistant to injury and

produces a lesser inflammatory response than the male gut

when exposed to conditions associated with shock states

(hypoxia and acidosis). Administration of estradiol or the

testosterone receptor antagonist flutamide in male rats

abrogated the increase in gut mucosal injury and the

increased IL-6 and MIP-2 response observed after hypoxia

plus acidosis. These results suggest that gender differences

in the ex vivo intestinal response to stresses such as

hypoxia and acidosis exist and that the administration of

estradiol or blockade of the testosterone receptor in male

rats mitigates the gender dimorphic effects.

Effect of estrogen on splenic system

Sepsis

Several studies tried to evaluate the effect of estrogen on

splenic macrophage/monocyte function in a two-hit model

of trauma-hemorrhage and sepsis [36, 37]. These studies

demonstrated that estrogen play a critical role in main-

taining splenic macrophage responses after trauma-hem-

orrhage by suppressing proinflammatory cytokine

production and prevent the increased lethality from sub-

sequent sepsis.

Trauma

Trauma-hemorrhage induces marked dysregulation of

immune response. Studies indicate that whereas immune

functions in males are depressed, they are enhanced/

maintained in females following trauma-hemorrhage [38].

Moreover, castration of male mice (i.e., androgen deple-

tion) before trauma-hemorrhage prevented the depression

of cell-mediated immunity following trauma-hemorrhage

[39]. Angele et al. [40] demonstrated high testosterone or

low estradiol levels appear to be responsible for depressing

splenocyte immune functions such as splenocyte prolifer-

ation and IL-2 and IL-3 release in males after trauma-

hemorrhage. Agents that block testosterone receptors or

increase estradiol levels may therefore be helpful in

improving depressed immune functions in male trauma

patients. Knoferl et al. [36] also demonstrated that

splenocyte proliferation and IL-2, IL-3, and interferon-c
release were maintained in proestrus sham-ovariectomized

animals after trauma-hemorrhage, whereas they were sup-

pressed in ovariectomized animals subjected to trauma-

hemorrhage. They found that elevated circulating estradiol

in proestrus females plays a direct role in the maintenance

of immunocompetence after trauma-hemorrhage.

Estrogen also exhibits salutary effects on splenic mac-

rophages [41, 42], splenic T lymphocytes [43], and splenic

dendritic cells [44]. Suppression in the productive capacity

of TNF-a and IL-6 following trauma-hemorrhage by

splenic macrophages was prevented in estradiol- and ER-a
agonist-treated mice [41]. Suzuki et al. [42] also demon-

strated that ER-a agonist but not ER-b agonist adminis-

tration following trauma-hemorrhage was as effective as

estradiol in preventing the suppression in macrophage

cytokine production. Thus, it appears that ER-a plays a
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predominant role in mediating the salutary effects of

estradiol on macrophage cytokine production following

trauma-hemorrhage and that such effects are likely medi-

ated via normalization of MAPK. Trauma-hemorrhage

induces depressed release of IL-2 and IL-6 in T lympho-

cytes [43]. Increased synthesis of estradiol in proestrus

females appears to be responsible for the maintenance of T

lymphocyte cytokine release associated with the protection

of immune functions after trauma-hemorrhage [43]. In

addition to macrophages and T lymphocytes, the salutary

effects of estradiol on splenic dendritic cell functions are

mediated predominantly via ER-a. Our results [44, 45]

showed apoptosis of splenic dendritic cells increased fol-

lowing trauma-hemorrhage; however, estradiol adminis-

tration after trauma-hemorrhage normalized the rate of

apoptosis. Moreover, splenic dendritic cell cytokine pro-

duction, co-stimulating factors and MHC class II expres-

sion, and antigen presentation capacity were significantly

decreased following trauma-hemorrhage; however, estra-

diol as well as ER-a agonist also prevented these depres-

sions following trauma-hemorrhage.

Effect of estrogen on renal system

Reperfusion injury

Sexual dimorphism in response to renal injury has been

reported. Males are much more susceptible to I/R-induced

renal injury when compared with females. Previous study

demonstrated that testosterone is responsible for this

enhanced susceptibility of males [46]. Recently, Rusai

et al. [47] suggested that testosterone upregulates serum

and glucocorticoid-regulated kinase-1 (SGK-1) in the kid-

ney during renal ischemia–reperfusion injury, contributing

to sexual dimorphism. In contrast, estrogen attenuates renal

ischemia–reperfusion injury through the PI3K/Akt/eNOS

pathway via estrogen receptors [48].

Chronic renal failure

A recent study [49] demonstrated the impact of sexual

dimorphism on chronic renal failure (CRF)-induced oxi-

dative multiorgan damage. Kasimay et al. [49] investigated

the effects of estradiol loss and estradiol supplementation

on the progress of CRF. CRF-induced elevation in serum

TNF-a in male animals was abolished when the animals

were treated with estradiol whereas ovariectomy exagger-

ated TNF-a response. In ovariectomized females and in

male animals with CRF, estradiol treatment reversed the

malondialdehyde elevation in tissues (kidney, heart, lung,

ileum, brain, liver, and gastrocnemius muscle), whereas

depletion of glutathione in these tissues was prevented by

estradiol treatment. Increased level of MPO activity was

also reversed by estradiol treatment. In addition, the extent

of tissue injury was relatively less in females, although

ovariectomy exacerbated all the indices of oxidative injury.

Furthermore, administration of estradiol improved CRF-

induced systemic inflammatory outcomes in both male and

female animals by depressing tissue neutrophil infiltration

and modulating the release of inflammatory cytokines.

These results suggest the salutary effects of estradiol on

renal functions following adverse circulatory conditions.

Tissue-specific expression of ER

In this review, we describe the protective effects of estro-

gen on liver, intestine, spleen, and kidney (Table 1).

Although estradiol administration improves organ and

immune cell functions, ER subtypes have tissue compart-

ment-specific roles in mediating the effects of estradiol on

these functions (Table 2). Many studies [18, 50–52]

investigated whether the salutary effects of estradiol are

mediated via ER-a or ER-b. Yu et al. [53] explored whe-

ther the salutary effects of estradiol against trauma-

hemorrhage-induced lung injury are mediated via ER-a or

ER-b. They found the salutary effects of estradiol on

attenuation of lung injury are mediated via ER-b, and ER-

b-induced downregulation of iNOS likely plays a signifi-

cant role in the ER-b-mediated lung protection following

Table 1 The effects of estrogen on various organs

Organ Effect of estrogen Reference

Liver Congestion; [7]

Portal inflammation; [7]

Necrosis; [7]

Kupffer cell

Cytokine production; [10, 11]

MAPK activation; [11, 14]

TLR4 expression; [14]

Phagocytic capacity: [16]

HO-1 expression: [17]

Akt activation: [17]

PKA activation: [21]

Intestine MAPK(p38) activation: [31]

HO-1 expression: [32]

PI3K/Akt activation: [33]

Spleen Splenocyte: proliferation: [36, 40]

Macrophage: MAPK activation: [42]

DC: antigen presentation capacity: [44]

Kidney PI3K/Akt/eNOS pathway: [48]

MAPK mitogen-activated protein kinase, PKA protein kinase A, DC
dendritic cell
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trauma-hemorrhage. There are conflicting data whether the

protective effects of estrogen on cardiac function are

mediated by ER-a or ER-b. Many studies demonstrated

that the cardioprotective effects of estrogen are mediated

via ER-b [50, 54–59]. However, other studies have shown

that ER-a mediated the cardioprotective effects of estrogen

[60–62]. Thus, it appears that both ER-a and ER-b play an

important role in mediating the salutary effects of estrogen

on the myocardium. ER-b plays an important role in car-

diac performance and in the reduction of ET-1-induced

vasoconstriction in the kidneys and lungs. In contrast, ER-a
attenuated ET-1-induced vasoconstriction in the liver,

whereas both ER-a and ER-b were equally effective in the

small intestine [50]. ER-a agonist had the same effects as

estradiol on cytokine production by KCs and splenic

macrophages, and ER-b agonist had the same effects on

alveolar macrophages and peripheral blood mononuclear

cells [51]. In addition, administration of the ER-a agonist

improved MPO activity and CINC-1, CINC-3, and ICAM-

1 levels in the liver [18]. In contrast, ER-b agonist sig-

nificantly improved these parameters in the lung. In the

intestine, ER subtype specificity was not observed. ER-a
mRNA expression was highest in the liver, whereas ER-b
mRNA expression was greatest in the lung. Thus, the sal-

utary effects of estradiol administration on organ function

following trauma-hemorrhage are receptor subtype- and

tissue specific.

Current limitations and future directions

The protective effects of estrogen in restoring organ

function are through a genomic effect mediated through the

intracellular receptors ER-a and ER-b, and also through a

nongenomic effect mediated through cell-surface estrogen-

binding receptors such as GPR30. Experimental studies

clearly demonstrate that estrogen and ER agonists are

useful therapeutic adjuncts in protecting organ function

and improving outcome following trauma-hemorrhage.

However, in the clinical setting, there are conflicting

reports whether gender dimorphic responses are evident

following injury. The reasons for the lack of uniform

results appear to be that most studies do not take into

consideration the hormonal status of the host at the time of

injury. Thus, studies reporting protective effects of female

gender following injury could be because the patients have

high estrogen levels at the time of injury whereas those

reporting a lack of protective effects in females could be

the result of low estrogen levels in those specific patients.

In view of this, it is important to carry out additional

studies in which the hormonal status of the patient is

measured as quickly as possible after injury and correlate

sex steroid levels with the lack or prevalence of compli-

cations, circulating cytokine levels, incidence of organ

dysfunction and failure, and length of hospital stay.

Although a small number of investigators are examining

some of these aspects [63, 64], more studies are needed to

conclusively demonstrate in the clinical setting the merits

of female versus male sex steroids in conferring protection

following injury. Although many studies indicate beneficial

effects of estrogen following trauma, more studies are also

needed to fully understand the precise mechanism by

which estrogen mediates its salutary effects under those

conditions. In addition, animal studies have shown that

estrogen increases the frequency of cancer (breast, cervix,

vagina, kidney, and liver), and there is evidence that

estrogen may increase the risk of various cancers in

humans. Females who take estrogen after menopause are

more likely to develop gallbladder diseases and blood clots.

Also, males who take estrogen are more susceptible to

prostate cancer, heart attack, blood clots in the lungs, and

phlebitis. Therefore, it is important to avoid the prolonged

continuous administration of estrogen. Confirming the

current status of individual estrogen level and developing

an estrogen therapy strategy depending on individual

estrogen level are important for the best estrogen effects.
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