
Introduction

Postmenopausal women suffer from climacteric symp-

toms, which are associated with hypoestrogenism [1, 2].

These symptoms may include undesirable hot flashes,

breast tenderness migraines [3], and sleep disturbance [4].

The decrease in estrogen level is also associated with loss

of bone mass [5] and adverse effects on lipid metabolism

[6]. Hormone therapy (HT), which consists of estrogen and

progestogen administration [7], is the most effective treat-

ment to counteract menopause-related symptoms [4, 8, 9].

However, estrogen plus progestin therapy, but not estrogen

therapy, increase the risk of breast cancer and this risk may

be greater when initiated close to menopause [10]. National

Institutes of Health launched the Women’s Health Initiative

(WHI) trials to evaluate menopausal HT. Patients used stan-

dard-dose oral conjugated equine estrogens (CEE) with and

without standard-dose continuous medroxyprogesterone ac-

etate (MPA), which revealed not only an increased risk of

breast cancer, but also cardiovascular disease, stroke, and

thromboembolic events [10, 11]. Against this background,

exogenous estrogen administration has been shown to af-

fect the levels and activity of certain blood coagulation fac-

tors, such as antithrombin III (AT III) that is a potent

coagulation inhibitor, and may increase the risk of throm-

bosis if not present in adequate levels [12].

Current clinical studies have demonstrated the risks of

use of HT for postmenopausal women, mainly oral HT [13,

14]. Nevertheless, some recent epidemiological data sug-

gest that transdermal estrogen therapy use does not expose

women to an excess risk of a first venous thromboem-

bolism (VTE) [15, 16]. Some evidence showed that trans-

dermal estrogen therapy has little effect on blood

homeostasis [15] and the route of administration seems to

influence the risk factors. Transdermal estrogens are widely

used in Europe, but the impact of this route of administra-

tion on the risk of recurrent VTE has not been elucidated

[2]. Therefore, due to lack of consistent results about the

risks associated with different types of progestins and the

transdermal route administration, the present authors pro-

posed to evaluate the effects of transdermal estrogen ther-

apy, isolated or combined, with two types of progestogens

- micronized progesterone or MPA. In addition, they aimed

to evaluate the some coagulation and anticoagulation blood

parameters, such as prothrombin time (PT), activated par-

tial thromboplastin time (aPTT), thrombin time (TT), fib-

rinogen (FG), AT III, prothrombin fragment 1+2 (F1+2)

and thrombin-antithrombin III complex (TAT) that affect

blood homeostasis.
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Summary

The authors aimed to evaluate the influence of transdermal hormone therapy (HT) in the blood coagulation parameters. Fifty-eight

postmenopausal women received: G1-transdermal estradiol (E2) (50 mg), G2-E2+oral micronized progesterone (100 mg/day), and G3-

E2+oral medroxyprogesterone acetate (2.5 mg/day) for six months. Statistical relevance was seen mainly in G1 and G2. G1 showed a

decrease in prothrombin time (PT), fibrinogen (FG), and thrombin time (TT) at six months (p < 0.05) compared to baseline values. G2

showed an increase of PT (p < 0.05) and a reduction of activated partial thromboplastin time (aPTT), AT III at three months (p < 0.01).

AT III showed an increase after six months (p < 0.05), as well as F1+2 (p < 0.05). G3 exhibited a decrease of PT after three and six months

of transdermal HT. Data suggests that E2 alone or E2+OMP are correlated with some variations of anticoagulant and procoagulant fac-

tors. E2+MPA avoids any major activation of blood coagulation in patients who receive transdermal HT.

Key words: Transdermal hormone therapy; Postmenopausal women; 17-beta-estradiol; Oral micronized progesterone; Medroxyprog-

esterone acetate. 
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Materials and Methods

This study was approved by the Research Ethics Committee of

the Federal University of São Paulo UNIFESP/EPM under pro-

tocol number 0333/02, and all participants previously agreed with

and signed an informed consent form. Samples were selected be-

tween 2004 and 2005 from Climacteric Section, Department of

Obstetrics and Gynecology - Federal University of São Paulo.

Clinical data were collected from patient’s charts. All patients

were submitted to a medical interview, general and gynecological

physical exams. Women included in the current study were at ages

45–65 years and body mass index (BMI) < 32 kg/m

2

, and had not

consumed soy and derivatives during the last 180 days prior the

study. All women placed in group 1 of the study underwent a hys-

terectomy procedure and had follicle stimulating hormone (FSH)

levels of up to 35 mU/ml. Patients with any kind of heart attack,

coronary heart disease or stroke, estrogen-dependent neoplasia,

abnormal vaginal bleeding, anticoagulant use and prior history of

VTE were excluded from the study. The authors also excluded pa-

tients using medication that could interfere with blood clotting.

Manuscript describes the effects of estrogens and estrogen-

progestin on the coagulation system in menopausal women. Due

to the necessity to perform HT with isolated estradiol in hys-

terectomized women, this study was not a double-blind study, and

all other data did not differ. In a prospective longitudinal study, 58

subjects were assigned to three different groups and treated for

six months: 1) G1 isolated estrogens (E2) (hysterectomized

women, transdermal 17-beta-estradiol 50 mcg every three days),

2) G2 (E2 plus 100 mg/day of oral micronized progesterone –

OMP – continuously), and G3 (E2 plus 2.5 mg/day of oral

medroxyprogesterone acetate – MPA – continuously).

Blood coagulation was evaluated at baseline (T0), at three

months (T3), and at six months (T6) after HT treatment in order

to set up the parameters of coagulation. Blood samples were col-

lected from each patient between 8 and 9 AM; an overnight fast

was not necessary. With regards to coagulation measurements, 20

mL of venous blood was collected in non-evacuated tubes con-

taining 3.2% of trisodium citrate and conducted to laboratory

hematology of São Paulo Hospital. Platelet-poor plasma was ob-

tained by two centrifugation steps at 2,500 g for 15 minutes at

25ºC. Aliquots were transferred to plastic tubes and stored at

-20ºC for further analysis. 

PT, aPTT, and TT were measured on fresh citrated plasma by

standard routine methods, described previously by Proctor and

Rapaport [17]. All results were expressed as the ratio of test sam-

ple/normal plasma pool. 

Plasma AT III activity and FG were measured by a functional

method previously described by the present group [18], which

consisted in the coagulation method (the results expressed in g/l)

and practical method (amidolytic procedure) using a chromogenic

substrate Tos-Gly-Pro-Arg-pNA (the results were expressed in

percentage), respectively [12]. The analysis of F1+2 was deter-

mined according to the standard method Clauss in previously

frozen plasma, and TAT was performed following the protocol es-

tablished by Bonduki et al. [18]. All reference values of parame-

ters are described in Table 1.

]Statistical tests were performed using GraphPad Prism 3.00.

Continuous data were described as mean and standard deviation

(SD). All data were normally distributed, difference across groups

was analyzed by ANOVA followed by Tukey-Kramer test. Statis-

tical significance was established as p < 0.05.

Results

To investigate the effect of transdermal HT, the subjects

received \ transdermal estrogen therapy isolated or com-

bined with OMP or MPA and were followed up during six

months. This study comprised 20 women in G1 group with

53.7 ± 3.6 years of age (mean ± S.D.) and the BMI range

was 26.8 ± 3.3, 20 in G2 group with 54.5 ± 4.8 years of age

and BMI range was 27.1 ± 2.4, and 18 in G3 group with

54.7 ± 4.0 and BMI range was 27.6 ± 1.9. The results ob-

tained in the analysis of the coagulant and anticoagulant

variables of the three groups of this study are shown in

Table 2.

Levels of pro-coagulant PT showed statistically signifi-

Table 1. — Reference values of coagulation tests.
Coagulation test Normal values 

Prothrombin time 0.85 to 1.20 

Activated partial thromboplastin time 0.80 to 1.25 

Fibrinogen 2 to 4 g/L 

Thrombin time ≤ 1.20  

Fragement 1+2 < 1.1 nmol/L 

Antithrombin III 70 to 120% 

Thrombin-antithrombin complex 2.0 to 6.5 μg/mL 

Figure 1. — Comparisons of prothrombin

time, activated partial thromboplastin time,

fibrinogen, and thrombin time concentra-

tions before treatment initiation with base-

line (T0), at three months (T3), and at six

months (T6) of HT, which consist in trans-

dermal 17-beta-estradiol (E2 transdermal),

transdermal 17-beta-estradiol plus natural

micronized progesterone (E2+OMP), and

transdermal 17-beta-estradiol plus medrox-

yprogesterone acetate (E2+MPA). 
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cant differences at T6 in the three studied groups, but the

only G3 group was relevant at T3. The authors observed

only significant variation in the anticoagulant aPTT values

in G2 at three months and a greater reduction in G2 vs. G1

group at three months. 

TT revealed a reduction in G1 at T6; significant differ-

ences is shown in the comparisons between the values at

T6 and T3 (Figure 1). 

After three months of HT application, the authors ob-

served a greater decrease of AT III levels in G2 at T3 and a

significant increased at T6 compared to baseline values.

F1+2 levels were most prominent in G2 that showed an

increase in the sixth month of treatment compared to base-

line. All groups reveled a tendency to increase of levels

F1+2, but G1 and G3 groups did not show significant val-

ues. With regards to marker of thrombin generation, dur-

Table 2. — Hormonal and metabolic features of the women studied. Values distribution of treatment months in mean and SD.
Variable Min-max* G1/E2 n=20  G2/E2 + OMP n=20 G3/E2 + MPA n=18   

Prothrombin time 51 - 100     

T0 (basal) 97.3 ± 4.6 97.6 ± 4.4 98.9 ± 3.0  

T3  96.4 ± 7.1 98.2 ± 8.1 96.9 ± 4.7

c 

T6 92.1 ± 6.4

a 

91.9 ± 11.3

b 

90.3 ± 9.8

d 

Activated partial thromboplastin time 0.71 – 1.29     

T0 (basal)  1.01 ± 0.10  0.99 ± 0.10 0.96 ± 0.12  

T3 0.99 ± 0.13 0.89 ± 0.09

e,f 

0.92 ± 0.09  

T6 1.01 ± 0.11 0.96 ± 0.11 0.95 ± 0.09  

Thrombin time 0.89 – 1.95      

T0 (basal)  1.06± 0.06 1.07 ± 0.07 1.07± 0.05  

T3 1.09± 0.02 1.03± 0.09 1.02 ± 0.07  

T6 1.03± 0.04

g 

1.02± 0.07 1.02 ± 0.05  

Fibrinogen 2.21 – 5.3      

T0 (basal)  3.21 ± 0.72  3.38 ± 0.48 3.43 ± 0.34  

T3 3.13 ± 0.54 3.26 ± 0.47 3.33 ± 0.42  

T6 3.01 ± 0.52

a 

3.26 ± 0.57 3.32 ± 0.50  

Antithrombin III 67 - 138      

T0 (basal) 110.4 ± 11.7 114.1 ± 10.7 110.8 ± 13.3  

T3 104.8 ± 17.4 102.4 ± 9.0

e 

102.6 ± 18.5  

T6 107.8 ± 7.5 105.5 ± 8.1

b 

106.2 ± 8.7  

Fragement 1+2 0.29 - 9      

T0 (basal)  0.66 ± 0.26 0.66 ± 0.20 0.67 ± 0.18  

T3 0.74 ± 0.42 0.80 ± 0.28 0.73 ± 0.30  

T6 0.88 ± 0.56 1.54 ± 0.89

a 

0.84 ± 0.35  

Thrombin-antithrombin complex 1 – 10.5     

T0 (basal) 2.74 ± 1.37 2.75 ± 1.63 2.48 ± 1.06  

T3 2.82 ± 1.35 2.86 ± 2.26 2.82 ± 2.02  

T6 3.28 ± 2.31 2.98 ± 2.30           3.49 ± 2.6  

*Reference values for all groups. SD = standard deviation; OMP = oral micronized progesterone; MPA = medroxyprogesterone acetate. ap < 0.05 compared to G1/T0; bp < 0.05
compared to G2/T0; cp < 0.01 compared to G3/T0; dp < 0.001 compared to G3/T0; ep < 0.01 compared to G2/T0; fp < 0.01 compared to G1/T3; gp < 0.05 compared to G1/T3.

Figure 2. — Comparisons of antithrombin III,

fragement 1+2 and thrombin-antithrombin

complex concentrations before treatment ini-

tiation with baseline (T0), at three months

(T3) and at six months (T6) of HT, which

consist in transdermal 17-beta-estradiol (E2

transdermal), transdermal 17-beta-estradiol

plus natural micronized progesterone (E2+

OMP), and transdermal 17-beta-estradiol plus

medroxyprogesterone acetate (E2+ MPA).
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ing the HT, clearly no significant change was observed in

TAT complex levels (Figure 2).

Discussion

Despite a constant decrease in the use of postmenopausal

HT over the last years, for many women, hormones are still

prescribed, in order to alleviate climacteric symptoms [19].

Nonetheless, postmenopausal women are subject to a num-

ber of adverse changes in the coagulation and fibrinolytic

systems [20]. Studies of coagulation systems in post-

menopausal women have shown divergent results regarding

hypercoagulable states and the risk of thromboembolic phe-

nomena resulting from HT [21, 22]. Progestogens are

needed in hormone replacement therapy to prevent en-

dometrial hyperplasia or neoplasia when estrogen is ad-

ministered. Synthetic progestins are used in usual HT, and

these progestins have different affinities for the proges-

terone receptor and they may also activate non-proges-

terone receptors’ steroid in different tissues. The most

physiological way to apply HT is to give bioidentical hor-

mones transdermally without a first-pass mechanism in the

liver to avoid non-physiological changes and actions of the

hormones [23]. Therefore the present authors decided to in-

vestigate the hypercoagulable state and action of blood co-

agulation factors on transdermal HT in postmenopausal

women. 

PT was evaluated to estimate prothrombin, a glycopro-

tein [24]. In the three studied groups (G1, G2, and G3) PT

levels showed a decrease mainly at six months of HT. The

association with MPA has shown significant reduction be-

ginning at the three initial months of treatment. The short-

ening of PT observed in oral and transdermal HT could be

related to the increase in factor VII [18]. Extrinsic coagu-

lation pathway is measured by aPTT, which can indicate a

thrombophilia state if in high levels [25]. Present data

showed a trend towards a reduction in aPTT levels. These

two coagulation factors have unsettled compositions and

suffer some influences that may alter their values. Thus,

they showed limited relevance in the studies that evaluate

hormonal influence in the coagulation systems. 

TT may indicate an abnormality in the conversion of sol-

uble protein FG into fibrin [26]. The present authors did

not observe greater changes in TT, which corroborates with

other studies [18, 27]. In accordance with the TT results,

the FG showed a discreet reduction in the same group (G1)

after six months of HT, confirming the direct influence.

Furthermore, this fact might indicate a beneficial effect of

estroprogestative therapy in decreasing FG levels and blood

viscosity after six months of treatment. This might reduce

the possibility of occurrence of thromboembolic events.

Data analyzed were more consistent when MPA associated

with estradiol was used. A remarkable decrease in these val-

ues was found at six months of treatment. In another study,

Postmenopausal Estrogen/Progestin Interventions (PEPI),

which is the most important regarding the effects of HT re-

lated to FG in postmenopausal women, an increase in FG

levels in relation to its basal levels was described. Inde-

pendently of the type of hormonal treatment, there was a

reduction in the levels of FG compared with placebo group

[28]. Curiously, the present authors detected this small al-

teration only in the G1 group. Perhaps this effect may be

protective against blood viscosity, once the low levels of

fibrinogen might lead to blood viscosity reduction [29].

Others parameters of coagulation system indicate that

oral estrogen seems to have a procoagulant effect, even in

a short time, leading to a reduction of antithrombin activ-

ity [30]. This important coagulation inhibitor acts in the

level of activated factor X and thrombin. These effects were

confirmed with the use of high doses of conjugated equine

estrogens (CEE) for three months; an increase of fib-

rinopeptide A and a decrease of AT III levels were observed

[31]. However, these authors also observed that the dose of

daily 0.625 mg CEE could also be procoagulant, but its ef-

fect was significantly lower than the highest dose, espe-

cially in the decrease of AT III activity. The present authors

observed that only transdermal E2+OMP had pronounced

reduction in the first three months, and after the third initial

month a significant increase of AT III levels occurred. En-

zelsberger et al. [27] reported that significant alterations in

the levels of AT III after one year of oral treatment with

0.625 and 1.25 mg of conjugated estrogen or transdermal

with 50 µg of 17-beta-estradiol per day combined with

progestogens were not observed. Another study showed

that treated women with transdermal 17-beta-estradiol (25

to 200 µg) did not exhibit alterations in the levels of AT III

[32]. Several authors described that neither progestins nor

steroids derivatives do not determine the alterations in the

coagulation system, while lynestrenol can reduce AT III,

most likely by the metabolic products which have estro-

genic activity [33-35]. 

F1+2 and TAT are the most useful parameters for the di-

agnosis of thrombosis [18, 36]. Interestingly, the present

authors also observed that postmenopausal women exhib-

ited a greater increase of procoagulant factor F1+2 in the

treatment with E2+OMP mainly after the third month of

treatment. Combination of E2+OMP determined a negative

impact in the coagulation system with a tendency of hy-

percoagulability state in comparison with E2+MPA. This

data has shown a significant increase of 43% in the treat-

ment with estrogen and 100 mg of micronized proges-

terone. Previous studies have demonstrated elevated levels

of F1+2 after both oral and transdermal administration of

estrogen therapy [29, 31, 37]. It was suggested that patients

who showed high levels of F1+2 might be in a prothrom-

botic state [38, 39]. On the other hand, it may be explained

by the fact that OMP was used orally. Biologic evidence

supports a differential effect of oral vs. transdermal estro-

gen on hemostasis. Prothrombin F1+2 is a marker in vivo

thrombin generation which is related to the risk of recurrent



Efficacy and effects of transdermal hormone therapy in postmenopausal women 739

VET [36, 40]. Nevertheless, reported data emphasized that

transdermal estrogen therapy had no detrimental effect on

coagulation especially prothrombin F1+2 plasma level [18,

40-42]. 

There is a hypothesis that the estroprogestative therapy

(CEE associated with MPA) does not affect the coagula-

tion system and the thrombosis may be a multifactorial phe-

nomenon [43]. Genetics factors might partially explain the

susceptibility of thrombosis in women after estrogen treat-

ment. There are contradictions in the literature about the

action of estrogenic isolate or associated in the coagulation

system [44]. 

TAT complex levels reflect coagulation activity [7] and in

the present study, the data suggest that the treatment with

E2+MPA does not induce coagulatory activity, once the

TAT complex did not significantly change. Callejon et al.
[7] asserted that there is no increase of coagulation activity

when the levels of TAT complex have not significant

changed, suggesting that the decrease of protein C and an-

tithrombin and a decrease of factor VII and factor X neither

induce a state of hypercoagulability nor coagulation acti-

vation. Transdermal administration of postmenopausal es-

trogen therapy seems not to be associated with an increased

risk of cardiovascular complications, especially stroke and

VTE [44-46]. It is necessary to take into account that low

doses of estrogen to postmenopausal women with risk fac-

tors for stroke should be administered, and the transdermal

route is indicated for older women and for women with a

high VET risk [46, 47]. Furthermore, the occurrence of

VET, gallbladder disease, and stroke can be prevented by

the use of transdermal route of estradiol administration. Op-

timized HT will allow us to treat symptomatic women for

as long as required, taking into account that their individ-

ual risk/benefit ratio are favorable [47].

In the current study, the therapy with transdermal estra-

diol combined with natural progesterone might determinate

procoagulant alterations, due to the increase of F1+2 and

the substantial reduction of AT III during the treatment, as

well as the partial and discreet increase in TAT complex.

Initially, the E2+MPA combination could have an impor-

tant procoagulant effect by AT III reduction. In addition,

the present authors noted that in the transdermal estradiol

(isolated) group, a significant reduction of FG values oc-

curred, which would be beneficial. The present results sug-

gest that during six months, the transdermal estrogen

therapy promoted less effect in the coagulation parameters,

and improvement of hormonal, hematological, and meta-

bolical variables. Large prospective studies are needed to

determine the role of transdermal estrogen therapy in post-

menopausal women. 

Conclusion

In conclusion, transdermal estrogen and estroprogesta-

tive therapies seem to promote the reduction of procoagu-

lant factor PT. Transdermal estradiol combined with OMP

is correlated with the reduction of anticoagulant factors

aPTT and AT III. Estrogen alone might be associated with

a reduction of FG and TT levels and exhibit a tendency to

decrease in patients treated with progestogens. Treatment

with transdermal estradiol combined with MPA avoids any

major activation of blood coagulation in patients who re-

ceive this type of HT.

References

[1] Canonico M., Plu-Bureau G., Scarabin P.Y.: “Progestogens and ve-

nous thromboembolism among postmenopausal women using hor-

mone therapy”. Maturitas, 2011, 70, 360.

[2] Olié V., Plu-Bureau G., Conard J., Horellou M.H., Canonico M.

Scarabin P.Y.: “Hormone therapy and recurrence of venous throm-

boembolism among postmenopausal women”. Menopause, 2011, 18,

488.

[3] Kopper N.W., Gudeman J., Thompson D.J.: “Transdermal hormone

therapy in postmenopausal women: A review of metabolic effects

and drug delivery technologies”. Drug Des. Devel. Ther., 2009, 6,

193.

[4] Files J.A., Ko M.G., Pruthi S.: “Bioidentical Hormone Therapy”.

Mayo Clin. Proc., 2011, 86, 673.

[5] Gonçalves C.G., Almeida B.C., Camargo-Kosugi C.M., Costa A.M.,

Silva I.D., Haidar M.A.: “Polymorphisms in CYP17, COMT, and

ESR1 genes in women after menopause and association with bone

mineral density”. Genet. Mol. Res., 2015, 14, 15802.

[6] Spencer C.P., Godsland I. F., Stevenson J.C.: “Is there a menopausal

metabolic syndrome?”. Gynecol. Endocrinol., 1977, 11, 341.

[7] Callejon D. R., Franceschini S.A., Montes M.B.A., Toloi M.R.:

“Hormone replacement therapy and hemostasis: Effects in Brazilian

postmenopausal women”. Mauritas, 2005, 52, 249.

[8] de Lima G.R., Girão M.J.B.C., Baracat E.C.: “Ginecologia de Con-

sultório”. EPM., 2014, 97.

[9] Skouby S.O., Pan K., Thompson J.R., Komm B.S., Mirkin S.: “Ef-

fects of conjugated estrogens/bazedoxifene on lipid and coagulation

variables: a randomized placebo- and active-controlled trial”.

Menopause, 2015, 22, 640.

[10] Rossouw J.E., Manson J.E., Kaunitz A.M., Anderson G.L.: “Lessons

learned from the women’s health initiative trials of menopausal hor-

mone therapy”. Obstet. Gynecol., 2013, 121, 172.

[11] Cherng W.C., Lo S.C., Tsai K.S., Tu K.S.T, Wu J.S., Chang C.I., et

al.: “Effects of high-dose phytoestrogens on circulating cellular mi-

croparticles and coagulation function in postmenopausal women”.

J. Formos. Med. Assoc., 2015, 114, 710.

[12] Bonduki C.E., Lourenço D.M., Baracat E.C., Haidar M., Noguti

M.A., da Motta E.L., Lima G.R.: “Effect of estrogen-progestin hor-

monal replacement therapy on plasma antithrombin III of post-

menopausal women”. Acta Obstet. Gynecol. Scand., 1998, 77, 330.

[13] Canonico M., Plu-Bureau G., Lowe G.D., Scarabin P.Y.: “Hormone

replacement therapy and risk of venous thromboembolism in post-

menopausal women: systematic review and meta-analysis”. BMJ,

2008, 336, 1227.

[14] Sweetland S., Beral V., Balkwill A., Liu B., Benson V.S., Canonico

M., et al.: “Venous thromboembolism risk in relation to use of dif-

ferent types of postmenopausal hormone therapy in a large prospec-

tive study”. J. Thromb. Haemost., 2012, 10, 2277.

[15] Scarabin P.Y., Oger E., Plu-Bureau G., “Differential association of

oral and transdermal oestrogen-replacement therapy with venous

thromboembolism risk”. Lancet, 2003, 362, 428.



L. E. Prado Correia, B. C. de Almeida, E. Chada Baracat, I. Silva, J. M. Soares Júnior, C. E. Bonduki, M. Abi Haidar740

[16] Canonico M., Fournier A., Carcaillon L., Olié V., Plu-Bureau G.,

Oger E., et al.: “Postmenopausal hormone therapy and risk of idio-

pathic venous thromboembolism: results from the E3N cohort

study”. Arterioscler. Thromb. Vasc. Biol., 2010, 30, 340.

[17] Proctor R. R., Rapaport S.I.: “The partial thromboplastin time with

kaolin. A simple screen test for first stage plasma clotting factor”.

Am. J. Clin. Pathol., 1961, 36, 212.

[18] Bonduki C.E., Lourenço D.M., Motta E.L.A., Soares Jr. J.M., Haidar

M.A., Baracat E.C.: “Effect of estrogen-progestin hormonal re-

placement therapy on blood coagulation and fibrinolysis in post-

menopausal women”. Clinics, 2007, 62, 553.

[19] Canonico M.: “Hormone therapy and risk of venous thromboem-

bolism among postmenopausal women”. Maturitas, 2015, 82, 304.

[20] Stachowiak G., Pertyński T., Pertyńska-Marczewska M.: “Effect of

transdermal hormone therapy on platelet haemostasis in menopausal

women”. Ann. Agric. Environ. Med., 2015, 22, 167.

[21] Cano A., Van Baal W.M.: “The mechanisms of thrombotic risk in-

duced by hormone replacement therapy”. Maturitas, 2001, 40, 17.

[22] Scheved J.F., Biron C.: “Progestogens, progesterone, coagulation

and vascular tone”. Gynecol. Obstet. Fertil., 2002, 30, 421.

[23] Rott H.: “Prevention and treatment of venous thromboembolism dur-

ing HRT: current perspectives”. Int. J. Gen. Med., 2014, 1, 433.

[24] Rogers K.: “Blood: Physiology and circulation”. In: Britannica Ed-

ucation Publishing., (ed). Rosen Publishing Gro. 2010, 1.

[25] Greer J.P., Arber D.A., Glader B., List A.F., Means Jr.R.T.,

Paraskevas F., Rodgers G.M.: “Wintrobe’s Clinic Hemathology”. In:

Wolters Kluwer Health., (ed). Lippincott Williams & Wilkins, 1998,

2.

[26] Popović M., Smiljanić K., Dobutović B., Syrovets T., Simmet T.,

Isenović E.R.: “Thrombin and vascular inflammation”. Mol. Cell.
Biochem., 2012, 359, 301.

[27] Enzelsberger H., Heytmanek G., Kurz C., Metka M.: “Hormone re-

placement therapy and its influence on AT-III activity in climacteric

women”. Klin. Wochenschr., 1991, 69, 232.

[28] Barrett-Connor E., Slone S., Greendale G.  Kritz-Silverstein D., Es-

peland M., Johnson S.R., et al.: “The postmenopausal estrogen/prog-

estin interventions study: primary outcomes in adherent women”.

Maturitas, 1997, 27, 261.

[29] Kroon U.B., Tengborn L., Rita H., Bäckström A.C.: “The effects of

transdermal oestradiol and oral progestogens on haemostasis vari-

ables”. Br. J. Obstet. Gynaecol., 1997, 104, 32.

[30] von Kaulla E., Droegemuller W., von Kaulla K.N.: “Conjugated es-

trogens and hypercoagulability”. Am. J. Obstet. and Gynecol., 1975,
122, 688.

[31] Caine Y.G., Bauer K.A., Barzegar S., ten Cate H., Sacks F.M., Walsh

B.W., et al.: “Coagulation activation following estrogen administra-

tion to postmenopausal women”. Thromb. Haemost., 1992, 5, 392.

[32] Chetkowski R.J., Meldrum D.R.,  Steingold K.A., Randle D., Lu

J.K., Eggena P., et al.: “Biologic effects of transdermal estradiol”.

N. Engl. J. Med., 1986, 314, 1615.

[33] Bonduki C.E., Lourenço D.M., Haidar M.A., de Lima G.R., Baracat

E.C.: “Efeito da reposição estroprogestativa sobre o sistema de co-

agulação sangüínea em mulheres na pós-menopausa”. Comp.
Ginecol., online, 17. Available at: http://www2.unifesp.br/

dgineco/trhcoag.htm, accessed in: 2016, Feb.

[34] Acs N., Vajo Z., Miklos Z., Siklosi G., Paulin F., Felicetta

J.V., Székåcs B.: “The effects of postmenopausal hormone replace-

ment therapy on hemostatic variables: a meta-analysis of 46 stud-

ies”. Gynecol. Endocrinol., 2002, 16, 335.

[35] Vehkavaara S., Silveira A., Hakala-Ala-Pietilä T., Virkamäki A., Ho-

vatta O., Hamsten A., et al.: “Effects of oral and transdermal estro-

gen replacement therapy on markers of coagulation, fibrinolysis,

inflammation and serum lipids and lipoproteins in postmenopausal

women”. Thromb. Haemost., 2001, 85, 619.

[36] Ota S., Wada H., Abe Y., Yamada E., Sakaguchi A., Nishioka J., et
al.: “Elevated levels of prothrombin fragment 1+2 indicate high risk

of thrombosis”. Clin. Appl. Thromb. Hemost., 2007, 14, 279.

[37] Kroon U.B., Silfverstolpe G., Tengborn L., et al.: “The effects of

transdermal estradiol and oral conjugated oestrogens on haemosta-

sis variables”. Thromb. Haemost., 1994, 71, 420.

[38] Teede H.J., McGrath B.P., Smolich J.J., Malan E., Kotsopoulos

D., Liang Y.L., Peverill R.E.: “Postmenopausal hormone replace-

ment therapy increases coagulation activity and fibrinolysis”. Arte-
rioscler. Thromb. Vasc. Biol., 2000, 20, 1404.

[39] Peverill R.E.: “Hormone therapy and venous thromboembolism”.

Best Pract. Res Clin. Endocrinol. Metab., 2003, 17, 149.

[40] Oger E., Alhenc-Gelas M., Lacut K., Blouch M.T., Roudaut N., Ker-

lan V., et al.: “Differential effects of oral and transdermal estro-

gen/progesterone regimens on sensitivity to activated protein c

among postmenopausal women: a randomized trial”. Arterioscler.
Thromb. Vasc. Biol., 2003, 23, 1671.

[41] Scarabin P.Y., Alhenc-Gelas M., Plu-Bureau G., Taisne P., Agher

R., Aiach M.: “Effects of oral and transdermal estrogen/progesterone

regimens on blood coagulation and fibrinolysis in postmenopausal

women: a randomized controlled trial”. Arterioscler. Thromb. Vasc.
Biol., 1997, 17, 3071.

[42] Scarabin P.Y., Oger E., Plu-Bureau G., EStrogen and THromboEm-

bolism Risk Study Group.: “Differential association of oral and trans-

dermal oestrogen-replacement therapy with venous thrombo-

embolism risk”. Lancet, 2003, 362, 428.

[43] Lobo R.A.: “Treatment of the postmenopausal women: basic and

clinical aspects”. Academic Press., 1994, 3, 271.

[44] van Baal W.M., Emeis J.J., van der Mooren M.J., Kessel H., Kene-

mans P., Stehouwer C.D.: “Impaired procoagulant-anticoagulant bal-

ance during hormone replacement therapy? A randomized,

placebo-controlled 12-week study”. Thromb. Haemost., 2000, 83,

29.

[45] Bergendal A., Kieler H., Sundström A., Hirschberg A.L., Kocoska-

Maras L.: “Risk of venous thromboembolism associated with local

and systemic use of hormone therapy in peri- and postmenopausal

women and in relation to type and route of administration”.

Menopause., 2016, 23, 593.

[46] Speroff L.: “Transdermal hormone therapy and the risk of stroke and

venous thrombosis”. Climacteric, 2010, 13, 429.

[47] L’Hermite M.: “HRT optimization, using transdermal estradiol plus mi-

cronized progesterone, a safer HRT”. Climacteric, 2013, 1, 44.

Corresponding Author:

L.E. PRADO CORREIA, M.D.

Sector of Climacteric

Department of Obstetrics and Gynecology

Federal University of São Paulo

66 Embaú Street, Vila Clementino

São Paulo, SP, 04039-060 (Brazil) 

e-mail: luispradocorreia@gmail.com


