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Abstract 

 

Objective. Oral estrogen therapy increases venous thromboembolism risk among 

postmenopausal women. Although recent data showed transdermal estrogens may 

be safe with respect to thrombotic risk, the impact of the route of estrogens 

administration and concomitant progestogens is not fully established. 

Methods and results. We used data from the E3N French prospective cohort of 

women born between 1925 and 1950 and biennially followed by questionnaires from 

1990. Study population consisted of 80,308 postmenopausal women (average follow-

up:10.1 years) including 549 documented idiopathic first venous thromboembolism. 

Hazard ratios (HR) and 95% confidence intervals (CI) were estimated using Cox 

proportional models. Compared to never-users, past-users of hormone therapy had 

no increased thrombotic risk (HR=1.1;95%CI:0.8-1.5). Oral not transdermal 

estrogens were associated with increased thrombotic risk (HR=1.7;95%CI:1.1-2.8 

and HR=1.1;95%CI:0.8-1.8; homogeneity: p=0.01). The thrombotic risk significantly 

differed by concomitant progestogens type (homogeneity: p<0.01): there was no 

significant association with progesterone, pregnanes and nortestosterones 

(HR=0.9;95%CI:0.6-1.5, HR=1.3;95%CI:0.9-2.0 and HR=1.4;95%CI:0.7-2.4). 

However, norpregnanes were associated with increased thrombotic risk 

(HR=1.8;95%CI:1.2-2.7).  

Conclusions. In this large study, we found that route of estrogen administration and 

concomitant progestogens type are two important determinants of thrombotic risk 

among postmenopausal women using hormone therapy. Transdermal estrogens 

alone or combined with progesterone might be safe with respect to thrombotic risk. 



E3N  ATVB R2 

3/25 

 

 

Condensed abstract 

 

We assessed the association between hormone therapy and venous 

thromboembolism among postmenopausal women. Oral but not transdermal 

estrogens were associated with an increased thrombotic risk. There was no 

significant association of venous thromboembolism with progesterone, pregnanes 

and nortestosterone. However, norpregnanes were associated with an increased 

thrombotic risk.  
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Despite recent data showing that overall health risks may exceed benefits from 

postmenopausal hormone therapy (HT) 1, 2, many women remain eligible for this 

treatment in order to correct menopausal symptoms 3, 4. However, harmful effects of 

HT may include breast cancer and venous thromboembolism 1, 5, 6. Recent guidelines 

recommend that women be prescribed the lowest effective dose of HT for the 

shortest possible duration 7, 8. Since the risk of venous thromboembolism is highest 

during the first year of treatment 9, 10, pulmonary embolism, which already 

represented one-third of the potentially fatal events attributable to long-term HT 11, 

has become one of the major side effects of short-term treatments. Reducing 

thrombotic risk may therefore have important clinical implications in the management 

of postmenopausal symptoms. Recent observational data have suggested that 

transdermal estrogens might be safe with respect to thrombotic risk 12, 13 but the 

impact of estrogens by route of administration is not fully established. In addition, 

data on the role of concomitant progestogens are scarce 13. Therefore, we 

investigated the impact of estrogens by route of administration as well as the 

influence of concomitant progestogens on the risk of idiopathic venous thrombosis in 

a large cohort of French women. 
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Methods 

 

E3N Study 

The E3N (Etude Epidémiologique de femmes de l’Education Nationale) Study is a 

prospective cohort study initiated in 1990 among 98,995 women born between 1925 

and 1950 and insured by a healthcare plan covering mostly teachers. Participants 

who gave written informed consent completed biennial self-administered 

questionnaires (sent between 1990 and July 2005) which included items about 

anthropometric measurements, medical history, menopausal status and a variety of 

lifestyle habits (e.g. contraceptive use, HT use, alcohol consumption, smoking). 

Details of the E3N design have been described elsewhere 14, 15. 

 

Ascertainment of venous thromboembolism cases 

Non-fatal venous thromboembolism events were initially self-reported by women in 

the questionnaires. Participants who declared to have had either a thrombosis or a 

pulmonary embolism were then asked to complete a specific questionnaire and to 

send medical documentation related to the thrombotic event. In addition, a 

questionnaire including information on potential predisposing factors for thrombosis 

and characteristics of the event was sent to the medical doctors reported by the 

women. In order to be validated, clinical events had to be diagnosed using an 

imaging procedure. Pulmonary embolism was defined as the presence of either a 

positive pulmonary angiography or a positive helicoidal computed tomography or a 

high-probability ventilation/perfusion lung scan. Deep venous thrombosis had to be 

diagnosed by use of compression ultrasonography or venography. Events were 

centrally validated by a medical committee blinded to HT use. Cases of fatal 
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pulmonary embolism were identified from death certificates from the National Service 

on Causes of Deaths (Inserm) using International Classification of Diseases (ICD) 9 

(codes 4151 and 4539) and ICD-10 (codes I26.0 and I26.9). In the present analysis, 

the main clinical outcome was a first documented incident episode of pulmonary 

embolism or lower-extremity deep vein thrombosis having occurred without any of the 

following predisposing factors, i.e. cancer, surgery, immobilization or trauma. 

Among the 98,995 women included in the E3N Study, 2,142 episodes of venous 

thromboembolism were self-reported during the overall follow-up. Among those, 

1,696 non-fatal thrombotic events were further validated and 446 were not 

considered as venous thromboembolism episode because they were not thrombotic 

events (n=149) or no information could be obtained (n=297). Superficial vein 

thrombosis (n=216), upper-extremity thrombosis (n=23), central retinal vein 

obstruction (n=2), and recurrent events (n=80) were also treated as non events which 

resulted in a total of 1,375 incident cases of non-fatal deep vein thrombosis or 

pulmonary embolism. In addition, 68 cases of fatal pulmonary embolism were 

identified by death certificates. Overall, 1,443 incident thrombotic cases (including 68 

deaths) were eligible for inclusion in the present study. 

 

Study sample and follow-up 

The present investigation was limited to postmenopausal women. Information on 

menopausal status was updated at each follow-up questionnaire. Women were 

considered postmenopausal if they had had 12 consecutive months without 

menstrual periods (unless due to hysterectomy), had undergone bilateral 

oophorectomy, had ever used HT, or self-reported that they were postmenopausal. 

Age at menopause was defined as age at last menstrual period (if cessation of 
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menstruation did not occur after hysterectomy); age at bilateral oophorectomy; or, in 

decreasing order of priority, self-reported age at menopause, age at HT initiation,, 

age at first occurrence of menopausal symptoms. If no information was available, age 

at menopause was assigned at 47 years if menopause was artificial, and at 51 years 

otherwise, because these ages corresponded to the respective median ages for 

artificial and natural menopause in the cohort.  

Follow-up started on the return date of the first questionnaire where women declared 

to be menopausal. Participants contributed person-years of follow-up until the date of 

death for fatal cases and, for other subjects, until the date of a venous 

thromboembolism event, the date of cancer diagnosis (other than basal cell skin 

cancer), the date of the last completed questionnaire or July 2005, whichever 

occurred first.  

From the full cohort, 12,471 women including 219 cases were excluded because they 

were not menopausal or had had a thrombotic event before the start of follow-up. Of 

the remaining 86,524 women, 5,822 were excluded from the analyses due to 

personal history of cancer other than basal cell carcinoma (n=213 cases including 30 

fatal events) or a non-idiopathic thrombotic event (n=329) or an event without 

information on predisposing factors (n=65 including 38 fatal pulmonary embolisms). 

In addition, 68 women with a validated thrombotic event were censored at the date of 

cancer diagnosis because of a validated cancer predating the thrombotic event.  

The final analysis was therefore performed on 80,308 postmenopausal women 

without personal history of thrombotic events or cancer before the start of follow-up. 

The study population included 549 incident events of first documented idiopathic 

venous thromboembolism (134 pulmonary embolisms and 415 deep vein 

thromboses). 
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Classification of HT 

The 1992 questionnaire inquired about lifetime use of HT. It was accompanied by a 

booklet and photos of available estrogens and progestogens mailed to all 

participants. For each treatment episode, women were asked to report information on 

brand name, age at first use and duration of treatment. Information on HT was 

updated from each of the subsequent questionnaires. 

Women were classified as current users if they had used HT at any time during the 3 

months prior to the date of completion of the questionnaire, otherwise they were 

considered as past users or never users. Current users of HT were classified 

according to estrogens by route of administration and to the type of concomitant 

progestogen. Route of estrogen administration included oral, transdermal (patch or 

gel). Other treatments included tibolone, vaginal treatments, injectable treatments, 

HT without any information regarding the route of estrogen administration, and 

estrogens combined with androgens. Most current users of oral and transdermal 

estrogens received 17-estradiol. Progestogens were categorized according to the 

progestogen North American Menopause Society (NAMS) classification 16 . Women 

were classified as users of either micronised progesterone, pregnane derivatives, 

norpregnane derivatives or nortestosterone derivatives. Pregnane derivatives 

included dydrogesterone, medrogestone, chlormadinone acetate, cyproterone 

acetate and medroxyprogesterone acetate. Norpregnane derivatives included 

nomegestrol acetate and promegestone. Nortestosterone derivatives were 

norethisterone acetate. 
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Statistical analysis  

HT exposure was taken into account as a time-dependent variable. In order to 

preserve the prospective nature of the study, exposure status declared at the 

completion of each questionnaire was maintained during the entire interval until 

completion of the following questionnaire (or until the end of follow-up). Since data on 

exposure were available from the 1992 questionnaire onward, exposure between 

1990 and 1992 was considered as “unknown” for all women. Cox proportional 

hazards models with age as the time-scale were used to estimate the hazard ratios 

(HR) and 95% confidence intervals (CI) for venous thromboembolism associated with 

HT. The HRs were adjusted for body-mass index (as a continuous variable), parity 

(total number of stillborn and live births as a continuous variable) education level (six 

ordered categories as continuous variable) and time-period (before or after 2003 in 

order to take into account the changes in HT use after the publication of the Women’s 

Health Initiative trial results). These potential confounders were chosen because they 

have been related to thrombotic risk (e.g., body-mass index and parity 17) or because 

they have been linked to HT exposure and might have an impact on thrombotic risk 

(e.g., education level and time-period). Women with missing data for a covariate were 

excluded from analyses including that covariate. 

Data were analyzed by classifying women according to HT use. The main effects of 

past use, current use of estrogens by route of administration (either oral, transdermal 

or other) and current use of concomitant progestogens (either micronized 

progesterone, pregnanes, norpregnanes or nortestosterones) were estimated in the 

same model with never use of HT as the reference group. Homogeneity of estimated 

HRs was tested among different pharmacological classes of concomitant 

progestogen and between molecules within the groups of pregnane and norpregnane 
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derivatives. Interactions between the effects of estrogens and concomitant 

progestogens were tested by using a multiplicative HR model. 

Stratified analyses were conducted by type of diagnosis (deep vein thrombosis or 

pulmonary embolism) and mortality.  

Statistical analyses were performed using SAS statistical software (version 9.1, SAS 

Institute Inc, Cary, NC, 2004).  
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Results 

 

Table 1 shows the general characteristics of the study population. Mean age at the 

beginning of follow-up was 54.0 years and women were followed for an average of 

10.1 years. At the beginning of follow-up, mean body-mass index was 22.6 kg/m² and 

nearly 18% of the women were overweight or obese. 

Table 2 shows the HRs of venous thromboembolism by type of HT. Women who had 

never taken any HT were used as the reference group (n=181 cases). Past users of 

HT had similar thrombotic risk as never users (adjusted HR=1.1; 95% CI: 0.8-1.5). 

There was no significant interaction between the route of estrogen administration 

(either oral or transdermal) and concomitant progestogens (either micronized 

progesterone, pregnane derivatives, norpregnane derivatives or nortestosterone 

derivatives) (p for interaction=0.62). After adjustment for potential confounders, oral 

but not transdermal estrogen use was associated with an increased risk of 

thrombosis (HR=1.7; 95% CI: 1.1-2.8 and HR=1.1; 95% CI: 0.8-1.8, respectively). In 

addition, among users, the hazard ratio was significantly increased in oral estrogen 

users as compared to transdermal estrogen users (HR=1.5; 95% CI: 1.1-2.0). 

Regarding the impact of concomitant progestogens, the test for homogeneity among 

pharmacological subgroups was statistically significant (p<0.01). However, no 

significant heterogeneity was found between molecules within the groups of 

pregnane and norpregnane derivatives (p=0.07 and p=0.17, respectively). There was 

no significant association of venous thrombosis with micronized progesterone and 

pregnane derivatives (HR=0.9; 95% CI: 0.6-1.5 and HR=1.3; 95% CI: 0.9-2.0, 

respectively). In addition, nortestosterone derivatives were not significantly 

associated with thrombotic risk (HR=1.3; 95% CI: 0.7-2.4). By contrast, norpregnane 
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derivatives were associated with an increased thrombotic risk (HR=1.8; 95% CI: 1.2-

2.7). 

Stratified analyses by type of diagnosis showed no striking differences in thrombotic 

risk associated with HT use between deep vein thrombosis and pulmonary embolism 

(data not shown).  

In the principal analysis, 65 of the validated cases were excluded because no 

information on predisposing factors was available. These cases included fatal 

pulmonary embolisms identified from death certificates which did not contain such 

information (n=38). Thus, additional analyses were performed with pooled idiopathic 

cases and cases without any information on predisposing factors (n=614). The 

inclusion of these cases did not substantially modify the results. Indeed, the hazard 

ratios of venous thromboembolism for oral and transdermal estrogens were 

respectively 1.6 (95% CI 1.0-2.4) and 1.1 (95% CI 0.8-1.6). Using this same study 

sample, an additional analysis restricted to non-fatal events (n=576) led to similar 

results (data not shown). 
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Discussion 

 

These findings suggest that the route of estrogen administration and the type of 

concomitant progestogen are both important determinants of thrombotic risk among 

postmenopausal women who use HT. Transdermal estrogens may be safe when 

they are administrated alone or along with micronized progesterone but not with 

norpregnane derivatives. By contrast, oral estrogens are associated with an 

increased thrombotic risk irrespective of the presence of concomitant progestogens.  

Our results regarding oral estrogen therapy are in agreement with those from both 

observational studies and clinical trials which have shown that oral estrogens were 

thrombogenic 9, 18. Thus far, only four studies have investigated the impact of 

transdermal estrogens on the risk of venous thrombosis 12, 19-21. A combined analysis 

of these studies yielded an overall odds ratio close to one in transdermal estrogen 

users compared to non-users 9. Our results showing no increased thrombotic risk 

among women who use transdermal estrogens alone are consistent with this 

previous report.  

While some previous studies have focused on the estrogens by route of 

administration, few data are available regarding the impact of concomitant 

progestogens by pharmacological classes on the risk of venous thromboembolism. 

On one hand, some observational studies 19-23 and one clinical trial 24 have compared 

the risk of venous thromboembolism between users of estrogens alone and users of 

estrogens combined with progestogens. Overall, these results showed that oral 

estrogens combined with progestogens could be more thrombogenic than oral 

estrogens alone 9. In addition, a comparison of both Women’s Health Initiative trials 

also suggested that the risk of thrombosis was higher among users of opposed 
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estrogens than among users of estrogens alone 1, 2, 5, 6. On the other hand, the 

ESTHER case-control study recently investigated the impact of concomitant 

progestogens by pharmacological classes 13. In this study, micronized progesterone 

and pregnane derivatives were not significantly associated with an increased risk of 

venous thromboembolism, while norpregnane derivatives were thrombogenic 

compared to non-use. The present findings regarding micronized progesterone and 

norpregnane derivatives are consistent with these previous results. Finally, to our 

knowledge, the E3N study is the first to assess thrombotic risk in relation to 

nortestosterone derivatives used in HT and only few data are available on the effect 

of nortestosterones used alone. Although not statistically significant, the increased 

thrombotic risk associated with combined use of nortestosterones and estrogens in 

the E3N study can be paralleled with the elevated thrombotic risk observed in 

premenopausal women who received nortestosterone derivatives alone 25. However, 

the limited number of cases exposed to nortestosterone derivatives in our study did 

not allow assessing the effect estimates with sufficient statistical power.   

 

The potential mechanisms underlying the increase in thrombotic risk among users of 

specific treatments include a prothrombotic state, a decrease in blood flow and/or an 

alteration of the vessel wall 26, 27. Since 1997, several studies have shown that oral 

but not transdermal estrogens activate blood coagulation and induce an activated 

protein C resistance, providing a biological evidence to support the difference in 

thrombotic risk by route of estrogen administration 28-33. In some of the studies, oral 

and transdermal estrogens were both combined with micronized progesterone. 

These haemostatic data, together with the results of both the ESTHER 13 and the 

E3N studies, support the potential safety of transdermal estrogens combined with 
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micronized progesterone. Data on the effect of progestogens on haemostasis are 

scarce and results remain inconsistent. One study has shown that a pregnane 

derivative had little to no effect on haemostasis 34. Moreover, several trials have 

failed to show any changes in levels of haemostatic parameters between 

progestogen subgroups 35-38. Nevertheless, recent data suggested that trimegestone, 

a norpregnane derivative, had a stronger effect on fibrinolysis inhibition as compared 

to dydrogesterone 39. Thus, whether or not progestogens have differential effects on 

haemostasis requires further investigation.  

The increase in thrombotic risk among postmenopausal women using some 

progestins could also be mediated by changes in venous structure and function 27. 

The occurrence of venous stasis, especially observed during pregnancy and the 

luteal phase, could be modulated by steroid sex hormones via progesterone 

receptors which are present in the venous wall 40. Therefore, an increase in 

progestational activity of progestins, especially norpregnanes, compared to 

micronized progesterone might further alter blood flow and increase thrombotic risk.   

 

One potential limitation of the E3N prospective cohort study is that, as an 

observational study, it is subject to bias. Several types of bias have already been 

discussed 14, 15. In the present analysis, potential limitations include how selected the 

population was, why women were prescribed a specific treatment, misclassification 

regarding diagnosis and/or exposure and potential confounders in the statistical 

analysis. First, women recruited in the E3N study were mostly teachers and could 

represent a health-conscious population which might be at lesser risk than the 

general population. However, it is unlikely that this non-differential selection of 

healthy subjects could affect the comparison between users and non-users of HT. 
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Second, an indication bias might have occurred due to differential prescription of 

concomitant progestogens according to the estrogenic status of women using HT. 

Norpregnane derivatives are potent progestogens with anti-estrogenic activity. 

Women with moderate to severe hyperestrogenic symptoms, such as breast 

tenderness or endometrial diseases, may be more likely to be prescribed these types 

of progestogen 41, 42. Since there is evidence that lifetime estrogen exposure is 

positively related to venous thromboembolism in postmenopausal women 17, this 

prescription bias could partly explain the increase in thrombotic risk among women 

using such anti-estrogenic progestogens.  

Another limitation of our cohort study is that HT use was self-reported and non-

differential misclassifications regarding exposure might have occurred during follow-

up. The effect of such errors is to decrease the strength of the observed associations 

towards the null. This limitation could explain the lower relative risks observed in our 

study compared to previous findings 9 . We also cannot rule out a potential non-

detected relationship between some treatments which appear safe and thrombotic 

risk. Another possible dilution of risk estimates may result from our definition of 

exposure. We used hormonal exposure declared at the beginning of each follow-up 

interval for the entire interval until the following subsequent questionnaire. This 

strategy allowed preserving the prospective nature of the study and avoiding 

differential recall bias between cases and non-cases. However, such exposure 

classification might lead to an incomplete capture of exposed cases, especially for 

those who started their treatment just after the date of questionnaire completion. 

Further, potential confounders including elevated levels of thrombotic risk factors 

could explain our findings related to the effects of estrogens by route of 

administration and concomitant progestogens. Although some thrombotic risk factors, 
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such as prothrombotic mutations or family history of venous thromboembolism, were 

not measured in this study, adjustment for other predisposing factors for thrombosis, 

such as body-mass index or parity, did not appreciably change the results. The 

unavailable information on estrogens doses was also a limitation of our study. While 

increasing doses of estrogens may increase the coagulation activation 43, 

observational studies have suggested no significant difference in thrombotic risk by 

estrogen dose 12, 19, 20, 22, 23. However, studies with high level of evidence comparing 

estrogen doses effect on thrombotic risk are still lacking. 

Finally, our analysis was restricted to idiopathic venous thromboembolism because 

inclusion of cases with predisposing factors might have attenuated the associations 

between hormone use and thrombotic risk.  In addition, it is likely that the presence of 

predisposing factors for venous thromboembolism could modify hormone exposure. 

Therefore, analysis restricted to idiopathic cases provides more accurate estimates of 

thrombotic risk. Nonetheless, this selection criterion did not allow extrapolating our 

results to secondary events.   

The E3N cohort study also has several strengths including its prospective, 

population-based design as well as its large number of participants. In addition, 

follow-up questionnaires sent biennially starting from 1990 allow for the frequent 

update of information on menopausal status and HT use. In the present ancillary 

study, a further strength is the large number of well documented incident cases of 

venous thromboembolism.  

 

Our findings regarding the impact of estrogens by route of administration and 

concomitant progestogens on thrombotic risk may have important clinical 

implications. Since pulmonary embolism has become a major determinant of the 
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benefit/risk ratio of short-term oral estrogen therapy, reducing the risk of venous 

thromboembolism could substantially improve the benefit/risk profile of HT. 

Therefore, short-term use of transdermal estrogens alone or combined with 

progesterone could be a good option in the management of postmenopausal 

symptoms. However, further data are needed and the present results should be 

confirmed with randomized controlled trials.  



E3N  ATVB R2 

19/25 

References 
 
 
1. Rossouw JE, Anderson GL, Prentice RL, LaCroix AZ, Kooperberg C, Stefanick 

ML, Jackson RD, Beresford SA, Howard BV, Johnson KC, Kotchen JM, 
Ockene J. Risks and benefits of estrogen plus progestin in healthy 
postmenopausal women: principal results From the Women's Health Initiative 
randomized controlled trial. Jama. 2002;288:321-333. 

2. Anderson GL, Limacher M, Assaf AR, Bassford T, Beresford SA, Black H, 
Bonds D, Brunner R, Brzyski R, Caan B, Chlebowski R, Curb D, Gass M, 
Hays J, Heiss G, Hendrix S, Howard BV, Hsia J, Hubbell A, Jackson R, 
Johnson KC, Judd H, Kotchen JM, Kuller L, LaCroix AZ, Lane D, Langer RD, 
Lasser N, Lewis CE, Manson J, Margolis K, Ockene J, O'Sullivan MJ, Phillips 
L, Prentice RL, Ritenbaugh C, Robbins J, Rossouw JE, Sarto G, Stefanick ML, 
Van Horn L, Wactawski-Wende J, Wallace R, Wassertheil-Smoller S. Effects 
of conjugated equine estrogen in postmenopausal women with hysterectomy: 
the Women's Health Initiative randomized controlled trial. Jama. 
2004;291:1701-1712. 

3. Haas JS, Kaplan CP, Gerstenberger EP, Kerlikowske K. Changes in the use 
of postmenopausal hormone therapy after the publication of clinical trial 
results. Ann Intern Med. 2004;140:184-188. 

4. Nelson HD. Menopause. Lancet. 2008;371:760-770. 
5. Cushman M, Kuller LH, Prentice R, Rodabough RJ, Psaty BM, Stafford RS, 

Sidney S, Rosendaal FR. Estrogen plus progestin and risk of venous 
thrombosis. Jama. 2004;292:1573-1580. 

6. Curb JD, Prentice RL, Bray PF, Langer RD, Van Horn L, Barnabei VM, Bloch 
MJ, Cyr MG, Gass M, Lepine L, Rodabough RJ, Sidney S, Uwaifo GI, 
Rosendaal FR. Venous thrombosis and conjugated equine estrogen in women 
without a uterus. Arch Intern Med. 2006;166:772-780. 

7. Pines A, Sturdee DW, Birkhauser MH, Schneider HP, Gambacciani M, Panay 
N. IMS updated recommendations on postmenopausal hormone therapy. 
Climacteric. 2007;10:181-194. 

8. Utian WH, Archer DF, Bachmann GA, Gallagher C, Grodstein F, Heiman JR, 
Henderson VW, Hodis HN, Karas RH, Lobo RA, Manson JE, Reid RL, 
Schmidt PJ, Stuenkel CA. Estrogen and progestogen use in postmenopausal 
women: July 2008 position statement of The North American Menopause 
Society. Menopause. 2008;15:584-602. 

9. Canonico M, Plu-Bureau G, Lowe GD, Scarabin PY. Hormone replacement 
therapy and risk of venous thromboembolism in postmenopausal women: 
systematic review and meta-analysis. Bmj. 2008;336:1227-1231. 

10. Miller J, Chan BK, Nelson HD. Postmenopausal estrogen replacement and 
risk for venous thromboembolism: a systematic review and meta-analysis for 
the U.S. Preventive Services Task Force. Ann Intern Med. 2002;136:680-690. 

11. Beral V, Banks E, Reeves G. Evidence from randomised trials on the long-
term effects of hormone replacement therapy. Lancet. 2002;360:942-944. 

12. Scarabin PY, Oger E, Plu-Bureau G. Differential association of oral and 
transdermal oestrogen-replacement therapy with venous thromboembolism 
risk. Lancet. 2003;362:428-432. 

13. Canonico M, Oger E, Plu-Bureau G, Conard J, Meyer G, Levesque H, Trillot 
N, Barrellier MT, Wahl D, Emmerich J, Scarabin PY. Hormone therapy and 



E3N  ATVB R2 

20/25 

venous thromboembolism among postmenopausal women: impact of the route 
of estrogen administration and progestogens: the ESTHER study. Circulation. 
2007;115:840-845. 

14. Fournier A, Berrino F, Riboli E, Avenel V, Clavel-Chapelon F. Breast cancer 
risk in relation to different types of hormone replacement therapy in the E3N-
EPIC cohort. Int J Cancer. 2005;114:448-454. 

15. Fournier A, Fabre A, Mesrine S, Boutron-Ruault MC, Berrino F, Clavel-
Chapelon F. Use of different postmenopausal hormone therapies and risk of 
histology- and hormone receptor-defined invasive breast cancer. J Clin Oncol. 
2008;26:1260-1268. 

16. Role of progestogen in hormone therapy for postmenopausal women: position 
statement of The North American Menopause Society. Menopause. 
2003;10:113-132. 

17. Simon T, Beau Yon de Jonage-Canonico M, Oger E, Wahl D, Conard J, Meyer 
G, Emmerich J, Barrellier MT, Guiraud A, Scarabin PY. Indicators of lifetime 
endogenous estrogen exposure and risk of venous thromboembolism. J 
Thromb Haemost. 2006;4:71-76. 

18. Gomes MP, Deitcher SR. Risk of venous thromboembolic disease associated 
with hormonal contraceptives and hormone replacement therapy: a clinical 
review. Arch Intern Med. 2004;164:1965-1976. 

19. Daly E, Vessey MP, Hawkins MM, Carson JL, Gough P, Marsh S. Risk of 
venous thromboembolism in users of hormone replacement therapy. Lancet. 
1996;348:977-980. 

20. Perez Gutthann S, Garcia Rodriguez LA, Castellsague J, Duque Oliart A. 
Hormone replacement therapy and risk of venous thromboembolism: 
population based case-control study. Bmj. 1997;314:796-800. 

21. Douketis JD, Julian JA, Kearon C, Anderson DR, Crowther MA, Bates SM, 
Barone M, Piovella F, Turpie AG, Middeldorp S, van Nguyen P, Prandoni P, 
Wells PS, Kovacs MJ, MacGillavry MR, Costantini L, Ginsberg JS. Does the 
type of hormone replacement therapy influence the risk of deep vein 
thrombosis? A prospective case-control study. J Thromb Haemost. 
2005;3:943-948. 

22. Jick H, Derby LE, Myers MW, Vasilakis C, Newton KM. Risk of hospital 
admission for idiopathic venous thromboembolism among users of 
postmenopausal oestrogens. Lancet. 1996;348:981-983. 

23. Smith NL, Heckbert SR, Lemaitre RN, Reiner AP, Lumley T, Weiss NS, 
Larson EB, Rosendaal FR, Psaty BM. Esterified estrogens and conjugated 
equine estrogens and the risk of venous thrombosis. Jama. 2004;292:1581-
1587. 

24. Vickers MR, MacLennan AH, Lawton B, Ford D, Martin J, Meredith SK, 
DeStavola BL, Rose S, Dowell A, Wilkes HC, Darbyshire JH, Meade TW. Main 
morbidities recorded in the women's international study of long duration 
oestrogen after menopause (WISDOM): a randomised controlled trial of 
hormone replacement therapy in postmenopausal women. Bmj. 2007;335:239. 

25. Poulter NR, Chang CL, Farley TM, Meirik O. Risk of cardiovascular diseases 
associated with oral progestagen preparations with therapeutic indications. 
Lancet. 1999;354:1610. 

26. Virchow R. Phlogose und Thrombose in Gefäßsystem. Gesammelte 
Abhandlungen zur Wissenschaftlichem Medizin. Frankfurt, Staatsdruckerei. 
1856. 



E3N  ATVB R2 

21/25 

27. Cano A, Van Baal WM. The mechanisms of thrombotic risk induced by 
hormone replacement therapy. Maturitas. 2001;40:17-38. 

28. Scarabin PY, 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;17:3071-3078. 

29. Koh KK, Horne MK, 3rd, Cannon RO, 3rd. Effects of hormone replacement 
therapy on coagulation, fibrinolysis, and thrombosis risk in postmenopausal 
women. Thromb Haemost. 1999;82:626-633. 

30. Teede HJ, McGrath BP, Smolich JJ, Malan E, Kotsopoulos D, Liang YL, 
Peverill RE. Postmenopausal hormone replacement therapy increases 
coagulation activity and fibrinolysis. Arterioscler Thromb Vasc Biol. 
2000;20:1404-1409. 

31. Lowe GD, Upton MN, Rumley A, McConnachie A, O'Reilly DS, Watt GC. 
Different effects of oral and transdermal hormone replacement therapies on 
factor IX, APC resistance, t-PA, PAI and C-reactive protein--a cross-sectional 
population survey. Thromb Haemost. 2001;86:550-556. 

32. Oger E, Alhenc-Gelas M, Lacut K, Blouch MT, Roudaut N, Kerlan V, Collet M, 
Abgrall JF, Aiach M, Scarabin PY, Mottier D. Differential effects of oral and 
transdermal estrogen/progesterone regimens on sensitivity to activated protein 
C among postmenopausal women: a randomized trial. Arterioscler Thromb 
Vasc Biol. 2003;23:1671-1676. 

33. Post MS, Christella M, Thomassen LG, van der Mooren MJ, van Baal WM, 
Rosing J, Kenemans P, Stehouwer CD. Effect of oral and transdermal 
estrogen replacement therapy on hemostatic variables associated with venous 
thrombosis: a randomized, placebo-controlled study in postmenopausal 
women. Arterioscler Thromb Vasc Biol. 2003;23:1116-1121. 

34. Alhenc-Gelas M, Plu-Bureau G, Guillonneau S, Kirzin JM, Aiach M, Ochat N, 
Scarabin PY. Impact of progestagens on activated protein C (APC) resistance 
among users of oral contraceptives. J Thromb Haemost. 2004;2:1594-1600. 

35. Conard J, Basdevant A, Thomas JL, Ochsenbein E, Denis C, Guyene TT, 
Degrelle H. Cardiovascular risk factors and combined estrogen-progestin 
replacement therapy: a placebo-controlled study with nomegestrol acetate and 
estradiol. Fertil Steril. 1995;64:957-962. 

36. van Baal WM, Emeis JJ, van der Mooren MJ, Kessel H, Kenemans P, 
Stehouwer CD. Impaired procoagulant-anticoagulant balance during hormone 
replacement therapy? A randomised, placebo-controlled 12-week study. 
Thromb Haemost. 2000;83:29-34. 

37. Post MS, Hendriks DF, Van Der Mooren MJ, Van Baal WM, Leurs JR, Emeis 
JJ, Kenemans P, Stehouwer CD. Oral oestradiol/trimegestone replacement 
reduces procarboxypeptidase U (TAFI): a randomized, placebo- controlled, 
12-week study in early postmenopausal women. J Intern Med. 2002;251:245-
251. 

38. Collins P, Flather M, Lees B, Mister R, Proudler AJ, Stevenson JC. 
Randomized trial of effects of continuous combined HRT on markers of lipids 
and coagulation in women with acute coronary syndromes: WHISP Pilot 
Study. Eur Heart J. 2006;27:2046-2053. 

39. Norris LA, Brosnan J, Bonnar J, Conard J, Kluft C, Hellgren M. Inhibitors and 
activation markers of the haemostatic system during hormone therapy: a 



E3N  ATVB R2 

22/25 

comparative study of oral estradiol (2 mg)/ dydrogesterone and estradiol (2 
mg)/ trimegestone. Thromb Haemost. 2008;100:253-260. 

40. Perrot-Applanat M, Cohen-Solal K, Milgrom E, Finet M. Progesterone receptor 
expression in human saphenous veins. Circulation. 1995;92:2975-2983. 

41. Fraser DI, Padwick ML, Whitehead MI, White J, Ryder TA, Pryse-Davies J. 
The effects of the addition of nomegestrol acetate to post-menopausal 
oestrogen therapy. Maturitas. 1989;11:21-34. 

42. Sitruk-Ware R. Progestogens in hormonal replacement therapy: new 
molecules, risks, and benefits. Menopause. 2002;9:6-15. 

43. Eilertsen AL, Qvigstad E, Andersen TO, Sandvik L, Sandset PM. 
Conventional-dose hormone therapy (HT) and tibolone, but not low-dose HT 
and raloxifene, increase markers of activated coagulation. Maturitas. 
2006;55:278-287. 

 
 

 

 
 



E3N  ATVB R2 

23/25 

Acknowledgment section 

Fundings: Mutuelle Générale de l’Education Nationale, Institut National de la 

Santé et de la recherché Médicale, Institut Gustave Roussy, 3M Company. 

Acknowledgments: We thank Aline Dugravot and Violaine Héraut for the 

technical assistance. The authors are also grateful to all participants for 

providing the data and to practitioners for providing the pathology reports. 

Conflict of interest disclosure: none 

 

 

Authors’ contributions 

Conception and design: Françoise Clavel-Chapelon, Agnès Fournier, Pierre-Yves 

Scarabin, Geneviève Plu-Bureau, Emmanuel Oger, Marianne Canonico 

Data collection: Françoise Clavel-Chapelon, Agnès Fournier, Pierre-Yves Scarabin, 

Marianne Canonico, Valérie Olié, Geneviève Plu-Bureau 

Data analysis and interpretation: Françoise Clavel-Chapelon, Agnès Fournier, Pierre-

Yves Scarabin, Marianne Canonico, Laure Carcaillon, Geneviève Plu-Bureau, 

Emmanuel Oger, Marie-Christine Boutron-Ruault, Sylvie Mesrine 

Manuscript writing: Françoise Clavel-Chapelon, Agnès Fournier, Pierre-Yves 

Scarabin, Marianne Canonico, Laure Carcaillon, Marie-Christine Boutron-Ruault, 

Sylvie Mesrine 

Final approval of manuscript: Françoise Clavel-Chapelon, Agnès Fournier, Pierre-

Yves Scarabin, Marianne Canonico, Laure Carcaillon, Valérie Olié, Geneviève Plu-

Bureau, Emmanuel Oger, Marie-Christine Boutron-Ruault, Sylvie Mesrine. 



E3N  ATVB R2 

24/25 

Table 1. General characteristics of the study population at the beginning of follow-up. 

The E3N Cohort. 

 
Characteristics  Population (n=80,308) 

     

Age at entry (years)  54.0 (4.3) 

   

Follow-up (years)  10.1 (4.6) 

   

Body-mass index (kg/m²)  22.6 (3.2) 

   

Overweight (25≤BMI<30 kg/m²)  11,808 (14.6) 

   

Obesity (BMI≥30 kg/m²)  2,483 (3.1) 

   

Current smokers  7,095 (9.9) 

   

High school graduate  66,002 (83.1) 

   

Age at menopause (years)  50.2 (3.8) 

   

Hysterectomy  16,257 (20.2) 

   

Parity  2.2 (0.9) 

   

Past use of oral contraceptives  46,387 (57.8) 

      

   

Values are mean (SD) or number (%)   
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Table 2. Hazard ratios of idiopathic venous thromboembolism in relation to both 
estroges by route of administration and concomitant progestogens. 
 

Treatment 
 

cases 
  

Person-
Years 

 
Hazard Ratios (95% confidence 
intervals) 

   Age-adjusted 
Multivariable 
adjusted * 

  n=549  811643    

             

        

Never use  181  291399  1 [reference] 1 [reference] 

           

        

Past use  66  100943  1.0 (0.7-1.3) 1.1 (0.8-1.5) 

          

        

Current use of oral estrogens  81  93211  1.5 (0.9-2.3) 1.7 (1.1-2.8) 

        

Current use of transdermal estrogens  174  268481  1.1 (0.7-1.6) 1.1 (0.8-1.8) 

          

        

No progestogens use  26  46163  - - 

        

Current use of micronised progesterone  47  87959  0.9 (0.6-1.4) 0.9 (0.6-1.5) 

        

Current use of pregnane derivatives  91  125804  1.3 (0.8-1.9) 1.3 (0.9-2.0) 

        

Current use of norpregnane derivatives  69  78855  1.7 (1.1-2.6) 1.8 (1.2-2.7) 

        

Current use of nortestosterone derivatives  22  22911  1.4 (0.8-2.5) 1.4 (0.7-2.4) 

          

        

Current use of other treatment  30  47693  1.0 (0.7-1.5) 1.1 (0.7-1.8) 

        

Unknown  17  9916  2.0 (0.5-3.9) 2.0 (0.5-3.9) 

             

      

      

* Adjusted for age, body-mass index, parity, education level and time-period 
Data for adjustment missing for 19 cases and for 843 non-cases 

 

      

p for homogeneity between current use of oral estrogens versus current use of transdermal estrogens is 
significant (p=0.01) 

p for homogeneity between progestogen subgroups is significant (p<0.01)  

      

 

 

 

 

 


