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Summary
Numerous studies have established that hormone replacement therapy increases the risk of venous
thromboembolism (VTE), but an association of endogenous estrogen exposure with the incidence
of VTE is not fully established. Using a prospective design combining the Atherosclerosis Risk in
Communities and the Cardiovascular Health Study cohort, we studied the 12-year risk of VTE in
relation to hormone replacement therapy use, age at menopause, parity number, and type of
menopause in 8,236 post-menopausal women. There were no significant associations of age at
menopause, parity number, or type of menopause with incidence of VTE. Women currently using
hormone replacement had a 1.6-times higher multivariate-adjusted rate ratio (RR) of VTE
compared with those without hormone use in the time-dependent model (RR=1.60, 95% CI,
1.06-2.36; Population attributable fraction=6.7%, 95%CI, 1.0-10.3). When we excluded women
with 1-year or more duration of hormone therapy at baseline, the associations was stronger
(RR=2.02, 95%CI, 1.31-3.12). The multivariate-adjusted RRs of VTE for current users tended to
be higher in those with idiopathic VTE (RR=2.40, 95%CI, 1.40-4.12) than those with secondary
VTE (RR=1.08, 95%CI, 0.63-1.85). Hormone replacement therapy is associated with increased
risk of VTE, but reproductive history markers of endogenous estrogen exposure were not
associated with VTE.
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Introduction
Previous prospective studies and clinical trials have established that hormone replacement
therapy (HRT) increases the risk of venous thromboembolism (VTE). For example, in the
Nurses' Health Study cohort, use of oral contraceptives and postmenopausal hormone
therapy were associated with increased risk of pulmonary embolism (Grodstein, et al 1996).
Further, in clinical trials, such as the Heart and Estrogen/progestin Replacement Study
(HERS) (Grady, et al 2000) and the Women's Health Initiative (WHI) (Cushman, et al
2004a), HRT increased the risk of VTE 2.1- to 2.7-fold.

A recent hospital-based case-control study indicated that reproductive markers of lifetime
endogenous estrogen exposure also might affect VTE risk in women (Simon, et al 2006).
Specifically, VTE risk was associated positively with age at menopause and number of
children. Compared with normal age at menopause (46-54 years), the multivariate-adjusted
odds ratio (OR) of VTE for late menopause (≥ 55 years) was 2.53 (95% CI, 1.28, 4.99)
(Simon, et al 2006). The adjusted OR for VTE was 1.6-fold higher for women with more
than two children when compared with those with two children or fewer (Simon, et al 2006).
Other studies have reported similar results that women with late menopause and a history of
more than three pregnancies had increased risk of VTE (Grady, et al 2000) (Samama 2000).
Since the subjects of previous studies were predominantly whites and from hospital-based
studies, these findings need confirmation in the general population. Rates of VTE are higher
in African Americans than whites (Tsai, et al 2002a) (White, et al 2005), so confirmation
among this population is especially relevant.

To examine the association of reproductive history measures of endogenous estrogen
exposure, hormone replacement, and incident VTE among American Africans and whites,
we used data from women in two population-based prospective studies.

Methods
Study population

The Longitudinal Investigation of Thromboembolism Etiology (LITE) study is a prospective
study of VTE occurrence in 2 pooled, multi-center, longitudinal population-based cohort
studies: the Atherosclerosis Risk in Communities (ARIC) Study and the Cardiovascular
Health Study (CHS). The LITE study design, methods, and VTE incidence rates have been
described in detail elsewhere (Tsai, et al 2002a) (Cushman, et al 2004b) (Ohira, et al 2007)
(Yamagishi, et al 2009). In brief, 15,792 men and women aged 45 to 64 years enrolled in the
ARIC study in 1987-1989 and 5,201 men and women aged ≥65 years enrolled in the CHS in
1989-1990 underwent assessments of cardiovascular risk factors. An additional 687 African
Americans were recruited to CHS using similar methods in 1992-1993. The basic
characteristics of the combined LITE sample, and the justification for pooling ARIC and
CHS, have been published (Tsai, et al 2002a). Informed consent was obtained from
participants, with approval of methods from the institutional review committees at each
study center.

We first excluded participants who were not white or black or were scarcely represented in
some field centers (n=103), men (n=9,572), and pre or peri-menopausal women at baseline
(n=2,436). We then excluded participants who at baseline had a history of VTE (n=395) or
cancer (n=908), were missing menopausal data (n=25) or were taking warfarin (n=57). The
remaining 8,236 post-menopausal women were included in the analyses. Up to three follow-
up examinations were performed every 3 years in ARIC and up to nine follow-up
examinations were performed annually in CHS. Reexamination rates were 78, 66, and 51
percent for ARIC, and 81, 80, 76, 87, 85, 85, 77, 76, and 70 percent for CHS, respectively.
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Subjects were followed to determine the incidence of VTE through December 31, 2002 for
ARIC and December 31, 2001 for CHS, after a median follow up of 13.1 years in ARIC and
11.7 years in CHS.

Measurements
Baseline cardiovascular risk factors and additional hemostatic factors included in this paper
were measured comparably in ARIC and CHS, as described elsewhere (Tsai, et al 2002a)
(Folsom, et al 1997) (Folsom, et al 2002) (Cushman, et al 1995). Blood was drawn from
participants in the morning in both studies, promptly centrifuged for 30,000g-min, and
stored in -70°C freezers. Factor VIIIc (FVIII) coagulant activity was measured as previously
reported (Tsai, et al 2002b). Body mass index (BMI) was calculated as weight (kg)/height
(m)2. Diabetes mellitus was defined at baseline as a fasting glucose of ≥126mg/dL,
nonfasting glucose ≥200mg/dL, a history of physician-diagnosed diabetes, or current use of
diabetes medication.

Menopause was defined on the basis of baseline interview data. A woman was considered
premenopausal if she had menstruated in the last 2 years. Women less than 55 years of age
with a hysterectomy and at least one intact ovary could not be categorized on ovarian status.
The remaining women were considered postmenopausal. Postmenopausal women were
further classified as having undergone a surgical menopause if they had had a bilateral
oophorectomy. Natural menopause included (1) non-menstruating women with an intact
uterus and at least one intact ovary and (2) women who had had a hysterectomy, had at least
one intact ovary but were 55 years of age or older (Szklo, et al 1996). Participants were also
interviewed about parity and use and duration of hormone replacement therapy. Hormone
replacement therapy included the use of estrogen or estrogen and progestin preparations. In
the present study, “current hormone use” was defined as use of oral estrogen or estrogen and
progestin preparations, and thus did not include transdermal administration because it does
not increase risk of VTE (Canonico, et al 2008). ‘Never hormone use” was defined as never
having used oral estrogen or estrogen and progestin preparations, and “former hormone use”
was defined as previously using oral contraceptives or an estrogen, progestin, or androgen
therapy by oral or transdermal administration.

Endpoint determination
All participants were contacted annually by phone and asked about all hospitalizations in the
previous year. Hospital records were obtained and VTE events validated by two physicians,
as previously reported (Cushman, et al 2004b). Diagnosis of deep venous thrombosis (DVT)
or pulmonary embolism (PE) required positive imaging tests. Cases were classified as
idiopathic (no obvious cause) or secondary (associated with cancer, major trauma, surgery,
marked immobility). From the ARIC study, 110 post-menopausal women with VTE were
identified (51 idiopathic, and 59 secondary). In CHS, there were 80 post-menopausal women
with VTE events; 33 were idiopathic, and 47 secondary. Of the 190 events, 153 had DVT
only and 37 had PE.

Statistical analysis
Age- and race-adjusted mean values or prevalences of baseline variables of interest were
compared between participants with VTE and without VTE, using analysis of covariance
(ANCOVA) or logistic regression models (Wilcosky and Chambless 1985). Data were
analyzed by classifying participants into three groups according to age at menopause defined
as early (≤ 45 years), normal (46-54 years) and late menopause (≥ 55 years); according to
hormone therapy as current users of estrogen (alone or in combination with progestin),
former users, and never users; and according to parity as nulliparous, one or two children,
and more than two children (Simon, et al 2006). Differences among these categories in age-
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and race-adjusted mean values or prevalences of potential confounding factors at baseline
were also calculated using ANCOVA or logistic regression models. Rate ratios (RR) and
95% confidence intervals (CI) of VTE were calculated with adjustment for age and other
potential confounding factors using the Cox proportional hazards model. Adjustment was
made for factors previously associated with VTE in this study, including age (continuous),
race, BMI (continuous), diabetes status (yes, no), and FVIII (continuous). Because hormone
use often changed during follow-up, we also used time-dependent Cox models (updating
information on hormone use at follow-up examinations). For participants with missing
information on hormone use for a given follow-up examination visit, the hormone use status
from the prior examination was carried forward. In order to evaluate the effect of duration of
hormone therapy on the incidence of VTE, the incidence data excluding women with 1-year
or more duration of hormone therapy at baseline were also analyzed.

Results
The sample consisted of postmenopausal women 45 years and older followed for an average
of 11.8 years for VTE occurrence. Table 1 shows means or prevalences of risk
characteristics at baseline for incident cases of VTE and for those who remained free of
VTE. Mean values of age, BMI, and FVIII and the prevalence of diabetes were significantly
higher among women with VTE than those without VTE, and African Americans were more
likely than whites to suffer VTE. There were no significant differences in age at menopause,
parity number, or type of menopause between women with VTE and those without VTE in
either whites and Africans Americans (Table S1 and S2).

Table 2 presents age- and race-adjusted mean values or prevalences of VTE risk factors at
baseline according to the categories of age at menopause, parity, hormone therapy, and type
of menopause. Women with late menopause (≥ 55 years) had a higher mean BMI compared
with women with early or normal menopause. The prevalence of diabetes and mean BMI
were lower among women with parity of one to two than among women who were
nulliparous or had parity of more than two. Current users of estrogen and/or progesterone
had a lower mean BMI and factor VIII, and lower prevalence of diabetes compared with
never and former users.

Compared with normal menopause, the multivariate-adjusted RRs of VTE for early
menopause was 1.16 (95% CI, 0.83, 1.63) and for late menopause was 1.49 (95% CI, 0.89,
2.58), neither being statistically significant (Table 3). Further, when modeled as continuous
variables, there were no associations of age at menopause or parity number with the risk of
VTE (P=0.23 and P=0.62, respectively). There were no significant associations of parity or
type of menopause with incidence of VTE. Women currently using hormone replacement
had a 1.6-fold higher multivariate-adjusted RR of VTE compared with those not taking
hormones in the time-dependent model (RR = 1.60, 95% CI, 1.06, 2.36). When we excluded
women with 1-year or more duration of hormone therapy at baseline, the associations of
current hormone use with the incidence of VTE was stronger; the multivariate-adjusted RR
for current hormone use was 2.02 (95%CI, 1.31, 3.12). When we analyzed the associations
of estrogen alone or estrogen in combination with progestin, separately, the association of
current hormone use with the incidence of VTE was similar between estrogen/progestin and
estrogen alone; the RRs were 1.60 (95%CI, 0.97-2.62) for estrogen/progestin and 1.59
(95%CI, 1.06-2.37) for estrogen alone. Furthermore, we calculated population attributable
risk, the percentage of VTE occurrence in the population associated with current hormone
use, using the formula p(RR-1)/[1-p(RR-1)], where p is the prevalence of current hormone
use among participants. The population attributable risk was 6.7% (95%CI, 1.0-10.3). The
associations of hormone replacement with the incidence of VTE did not differ among the
categories of menopause age, parity, or type of menopause (P for interactions >0.30).
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As shown in Table 4, the multivariate-adjusted RRs of VTE for current users of hormone
replacement tended to be higher in those with idiopathic VTE (RR=2.40, 95%CI, 1.40, 4.12)
than secondary VTE (RR=1.08, 95%CI, 0.63, 1.85). Women with late menopause had a 1.8-
fold higher multivariate-adjusted RR of idiopathic VTE compared with normal menopause,
but this did not reach statistically significance (RR = 1.85, 95% CI, 0.87, 3.94).

Discussions
Although previous hospital-based studies reported that late menopause and a history of
having more than two children were associated with increased risk of VTE (Grady, et al
2000) (Simon, et al 2006) (Samama 2000), in this population-based prospective study, there
were no associations of parity or late menopause with incidence of VTE. On the other hand,
women currently using hormone replacement had an increased risk of VTE, consistent with
previous studies (Grodstein, et al 1996) (Grady, et al 2000) (Cushman, et al 2004a).
Therefore, effects of estrogen exposure on incidence of VTE differ between endogenous
production and exogenous administration.

The ESTHER study, in which more than 95% of subjects were whites, indicated that
markers of lifetime endogenous estrogen exposure, such as age at menopause and number of
children, were positively associated with the risk of VTE (Simon, et al 2006). As in previous
studies (Tsai, et al 2002a) (White, et al 2005), we found that compared with whites, African
Americans have a higher risk of VTE, and they tend to have earlier menopause and more
children. In analysis stratified by race, there were no significant associations of age at
menopause or parity with the incidence of VTE in either whites and Africans Americans.
Many studies have reported that oral estrogen use can induce an acquired activated protein C
resistance and activate blood coagulation (Hoibraaten, et al 2001) (Oger, et al 2003)
(Cushman, et al 2001). However, to our knowledge, the associations of late menopause and
the number of children with hemostatic variables have not been reported. We previously
reported that endogenous estrogen was associated with increased levels of inflammatory
markers, such as C reactive protein and white cell count in ARIC (Folsom, et al 2005), but
these inflammatory markers were not associated with the risk of VTE in LITE (Tsai, et al
2002b). Therefore, further study is needed to confirm whether there is any association of
markers of lifetime endogenous estrogen exposure with the incidence of VTE, especially
among African Americans.

In the present study, women currently using hormone replacement had a 1.6-fold higher risk
of VTE. This RR is somewhat lower than reported by other observational studies. A recent
meta-analysis of hormone replacement therapy and risk of VTE (Canonico, et al 2008),
assessing seven case-control studies and one cohort study, showed that the pooled odds ratio
of current oral estrogen use for VTE was 2.5 (95%CI, 1.9, 3.4) compared with non-users.
Our confidence interval overlapped that of the meta-analysis. Differences of the duration of
treatment may contribute to between-study differences of effect (Hernán, et al 2008). In the
meta-analysis, the risk of VTE was significantly higher for treatment within the first year
(pooled odds ratio, 4.0, 95%CI, 2.9, 5.7) than for treatment later (pooled odds ratio, 2.1,
95%CI, 1.3, 3.8) (Canonico, et al 2008). In the present study, the mean duration of hormone
therapy use was about five years at baseline, and this could attenuate an effect of hormone
therapy on the risk of VTE, even though we updated information on hormone use at follow-
up examinations. Further, when we excluded women with one or more years duration of
hormone therapy at baseline, the associations of current hormone use with the VTE grew
stronger, which also supports the above hypothesis (Hernán, et al 2008).

A strength of the present study is that the cohorts studied are typical of general US adult
populations, including both African Americans and whites. Potential limitations of this study
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warrant consideration. First, as in most clinical studies, we ascertained only clinically
recognized VTE. This depended on participants' accurate reporting of hospitalizations and
on their physicians' diagnostic work-up of suspected VTE events. During this study period,
few VTEs were likely diagnosed and treated as outpatient events, but they would not be
detected. However, misclassification of the VTE outcome was probably too rare to
significantly alter our findings. Second, in the present study, because of limited numbers, we
did not fully investigate the impact of unopposed and opposed estrogen therapy on VTE
separately. However, as well as our findings, others suggested that there is little difference in
the risk of VTE between users of estrogen alone and estrogen plus progestin (Canonico, et al
2008). Third, we did not analyze the association between transdermal hormone use and
VTE, but transdermal hormone use does not seem to increase risk of VTE. In the meta-
analysis, the risk of VTE was clearly elevated for treatment by oral estrogen (pooled odds
ratio, 2.5, 95%CI, 1.9, 3.4) but not for treatment by transdermal estrogen (pooled odds ratio,
1.2, 95%CI, 0.9, 1.7) (Canonico, et al 2008). Fourth, the number of VTE events in the
present study was relatively small. We therefore may have missed a modest association of
late menopause with incidence of VTE (RR, 1.49, CI, 0.89, 2.58) due to low power. A larger
study would be needed to verify whether such a modest association exists. Fifth, among the
post-menopausal women in this study, younger women may have been more likely to have
had non-natural menopause compared with older women, which may have affected the
associations. However, when we excluded women ages 54 and less from the analyses, the
associations of reproductive history and hormone replacement with the incidence of VTE
were unchanged; the multivariate-adjusted RR were 1.44 (95%CI, 0.83, 2.51) for late
menopause and 1.67 (95%CI, 1.08, 2.57) for current hormone use. Finally, although we
analyzed the associations of hormone use with the incidence of VTE using information on
hormone use updated at follow-up examinations, some participants who were not re-
examined missed updating. This could have led to an underestimate of the association of
current hormone use with the risk of VTE.

In conclusion, women currently using hormone replacement had a 1.6-fold higher risk of
VTE than those without a history of hormone therapy use during 12 years of follow-up in
this general population study. However, there were no associations of reproductive markers,
such as greater parity and late menopause, with incidence of VTE.

Supplementary Material
Refer to Web version on PubMed Central for supplementary material.
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Table 1

Baseline characteristics among post-menopausal women who did or did not develop incident venous
thromboembolism, LITE

Baseline characteristics† Venous thromboembolism
(n=190)

No venous thromboemolism
(n=8,046)

p value

Age (years)* 64.0 61.0 <0.001

Race (% African American)** 37.0 29.1 0.02

Mean age at the menopause (years) 44.8 45.2 0.51

Age at menopause (%)

 Early menopause (≤ 45 years) 44.4 43.4 0.44

 Normal menopause (46-54 years) 48.3 51.2

 Late menopause (≥ 55 years) 7.3 5.4

Parity (%)

 Nulliparous 12.6 11.2 0.83

 One to two children 38.1 38.4

 Greater than two children 49.3 50.4

Hormone therapy use (%)

 Never use 63.4 63.3 0.93

 Former use of estrogen or progesterone 18.2 19.2

 Current use of estrogen and/or progesterone 18.2 17.5

Duration of hormone therapy use (years) ‡ 5.1 5.4 0.77

Type of menopause (%)

 Natural 81.4 83.4 0.47

 Surgical 18.6 16.6

BMI (kg/m2) 29.3 27.6 <0.001

Diabetes Mellitus (%) 14.2 9.6 0.03

Factor VIII (%) 151 132 <0.001

Sample sizes vary somewhat among characteristics because some women had indefinable menopause status.

*
Race-adjusted,

**
Age-adjusted.

†
Age- and race-adjusted,

‡
Current user only.
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Table 4

Multivariate-adjusted rate ratios (RRs) and 95% confidence intervals (CIs) of venous thromboembolism for
current users of estrogen and/or progesterone† compared with non-users, LITE, 1987-2002

Stratum No. of cases

Multivariate-adjusted*

RR 95% CI

ARIC 106 1.44 (0.90-2.32)

CHS 80 1.86 (1.01-3.46)

Whites 123 1.63 (1.07-2.49)

Non-whites 63 1.25 (0.53-2.97)

Idiopathic 84 2.40 (1.40-4.12)

Secondary 102 1.08 (0.63-1.85)

*
Adjusted for age, sex, (race), body mass index, diabetes mellitus and factor VIII.

†
Time dependent analysis.
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