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In a consecutive case series, cross-sectional study of 401 women referred for hyperlipidemia therapy, (110 [27%] on estrogen

replacement therapy [ERT]), we assessed whether ERT-mediated thrombophilia and heritable thrombophilia (20210 G3A

prothrombin gene [PTG], Factor V Leiden gene mutation [FV]) interacted as risk factors for atherothrombotic cardiovascular

disease (ATCVD). Thirty-eight percent of women (152/401) had > 1 ATCVD event, 57 (14%) had > 2 ATCVD events. Fifteen

women (3.7%) were PTG heterozygotes, 24 (6.0%) were FV heterozygotes, (there was 1 double heterozygote [0.25%]); 363

(91%) were wild-type normal for both genes. Of the 152 women with > 1 ATCVD event, 21 (14%) had > 1 thrombophilic gene

mutation, versus 17/249 (7%) without events (X2 � 5.4, P � .02). In women on ERT and with both genes wild-type normal, 23

of 96 (24%) had > 1 ATCVD event versus 8 of 14 (57%) on ERT and with > 1 thrombophilic mutation, X2 � 6.6, P � .01. By

stepwise logistic regression, in 401 women (152 with > 1 ATCVD event, 249 no events), positive explanatory variables for

ATCVD included FV and/or PTG (risk odds ratio, 2.59, 95% confidence interval [CI] 1.26 to 5.36, P � .01) and a PTG*ERT

interaction term (risk odds ratio, 2.27, 95% CI 1.36 to 3.79, P � .0017). After deleting 23 FV heterozygotes and 14 PTG

heterozygotes and 1 double heterozygote from the 401 women, ERT was protective against ATCVD events, with a risk odds

ratio of 0.50 and 95% CI of 0.29 to 0.87 P � .014. PTG and FV may increase risk for ATCVD, particularly in the presence of ERT,

whereas ERT may be protective against ATCVD when PTG and FV are absent.

Copyright 2002, Elsevier Science (USA). All rights reserved.

THE HEART and Estrogen/Progestin Replacement Study
(HERS) was the first placebo-controlled clinical trial of

estrogen replacement therapy (ERT) in the secondary preven-
tion of coronary heart disease (CHD).1 In HERS, ERT did not
reduce the overall rate of CHD events during 4.1 years of
followup in 2,763 women with previous CHD, but increased
thromboembolic events by 289%.1 In HERS, a 50% increase in
cardiovascular events was seen in the first year in the ERT
group compared with placebo,1 followed subsequently by
fewer events after 3 years of therapy. The Estrogen and Ath-
erosclerosis (ERA) trial2 was a placebo-controlled trial of ERT
in secondary prevention of coronary artery disease. In ERA2,
309 postmenopausal women with � 1 coronary artery stenosis
more than 30% were randomized to Premarin, Premarin plus
medroxyprogesterone acetate, or placebo. After an average
follow-up of 3.2 years, coronary artery disease progression,
measured by change in the mean minimal lumen diameter by
quantitative coronary angiography, did not differ among the 3
treatment groups. Like HERS1 and ERA,2 preliminary results
from a third prospective, placebo-controlled, randomized clin-
ical trial, the Woman’s Health Initiative Hormone Replacement
Trial (WHI-HRT),3,4 revealed no cardiovascular benefit from
ERT (Lenfant, NHLBI statement, 4/17/00). WHI-HRT in-
cluded postmenopausal women taking estrogen combined with
progestin, estrogen alone, and a placebo group.3,4 During the
first 2 years of the WHI-HRT, there was an increase in the
number of myocardial infarctions, strokes, and thromboemboli

in women receiving ERT compared with placebos. These in-
creased events, however, did not meet statistical criteria for
stopping the trial (Lenfant, NHLBI statement, 4/17/00).

Three recent cross-sectional studies of the association of
Factor V Leiden gene mutation (FV)*ERT5 and prothrombin
gene (PTG)*ERT6,7 interactions with increased atherothrom-
botic cardiovascular disease (ATCVD) events may provide
some insight into the unexpected failure of ERT to reduce CHD
in HERS,1 ERA,2 and WHI-HRT.3,4 Approximately 4% of
general populations have the FV mutation, and about 4% have
the PTG mutation.5,6 In 423 women referred for hyperlipidemic
therapy,5 we reported an interaction between ERT-mediated
thrombophilia and FV for ATCVD.5 ERT was protective
against ATCVD in women without FV.5 We speculated5 that
when ERT-mediated thrombophilia is superimposed on the
heritable thrombophilic FV, ATCVD is promoted, and any
putative1-4 ERT-mediated reduction in ATCVD is overshad-
owed. We speculated5 that ERT might reduce ATCVD in
women without FV and suggested,5,6,8,9 as have others,10-14 that
women with the FV mutation not be given ERT, so as to reduce
thromboembolic events,1 and (speculatively) ATCVD.

Recently6 in a consecutive case series of 275 women, 75
(27%) on ERT at referral for diagnosis and treatment of hy-
perlipidemia, we reported an interaction between ERT and PTG
for ATCVD. By stepwise logistic regression, positive explan-
atory variables for ATCVD included PTG (risk odds ratio, 5.8,
95% confidence intervals [CI] 1.4 to 30.2, P � .021) and a
PTG*ERT interaction term (risk odds ratio, 2.70, 95% CI 1.4 to
5.4, P � .004).6 Similar to our conclusions for the FV*ERT
interaction,5 we reported that ERT may be protective against
ATCVD when the thrombophilic PTG is absent,6 whereas the
PTG may increase risk for ATCVD, particularly in the presence
of ERT. We suggested6 that the PTG be measured in all women
on ERT or before beginning ERT to identify those heterozy-
gous for the PTG mutation (� 4%) in whom ERT is contrain-
dicated because of increased risk for ATCVD and thromboem-
bolism, and a second, much larger group of women without
PTG (� 96%) in whom ERT may reduce risk for ATCVD.

Psaty et al7 recently assessed risk of first nonfatal myocardial
infarction (MI) based on current use of ERT and the presence
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or absence of the Factor V Leiden and prothrombin 20210
G3A variants in a cross-sectional study of 232 postmeno-
pausal women with MI ([cases] ages, 30 to 79 years) and
postmenopausal women without MI (controls) matched to
cases by age, calendar year, and hypertension status. The as-
sociation between ERT use and MI differed between those with
and without the prothrombin variant; the investigators con-
cluded: “. . . if these findings are confirmed in other studies,
screening for the prothrombin variant may permit a better
assessment of the risks and benefits associated with HRT in
postmenopausal women.”7

The thrombophilic PTG, like the FV, has been associated
with increased venous thrombosis,15-19 and, less commonly,
with arterial thrombosis.6,7,20 In patients with myocardial in-
farction less than age 50 with no significant coronary artery
stenoses on angiography, frequencies of the FV and PTG
mutations are increased.21 Early occlusion of coronary by-
passes is associated with the presence of the FV and PTG
mutations.22 Resistance to activated protein C and the FV
mutation are common in patients with a history of acute MI or
primary hypertension.23 Risk factors for spontaneous ischemic
stroke in childhood24,25 include FV accompanied by antiphos-
pholipid antibodies, PTG and methylenetetrahydrofolate reduc-
tase gene mutations, and lipoprotein (a). In the prospective
Bruneck population study, atherothrombosis was identified as a
key mechanism in the development of advanced stenotic ath-
erosclerosis, with the FV playing a significant role.26

In a consecutive case series, cross-sectional study of 401
women referred for therapy of hyperlipidemia, (110 [27%] on
ERT, 152 with � 1 ATCVD event), our specific aim was to
determine whether ERT-mediated thrombophilia and heterozy-
gosity for the thrombophilic PTG and/or the thrombophilic FV
interacted as risk factors for ATCVD (MI, angioplasty, angina,
coronary artery bypass surgery, claudication, ischemic stroke,
transient ischemic attack).

MATERIALS AND METHODS

Women

The 401 women were newly referred from midwestern states to the
Jewish Hospital Cholesterol Center for outpatient diagnosis and treat-
ment of hyperlipidemia.5,6 They were studied as a consecutive case
series in the temporal sequence of their referral without any selection
bias and with no exclusions.

In each woman, by history, physical examination, and review of the
referring doctors’ and hospital records, ATCVD was characterized
by � 1 of the following events: unstable angina, MI, angioplasty,
coronary artery bypass surgery, claudication, transient ischemic attack,
and ischemic stroke (Table 1). Because of wide variance in referring
physicians’ and medical records’ definitions of stable angina (addi-
tional evidence of ATCVD), it was not included in the ATCVD event
group. Diagnoses of ATCVD were made both prospectively at entry
examination at the Cholesterol Center and retrospectively, as above.

Study Protocol, Laboratory Methods

At the initial visit, information was obtained regarding age, race,
height and weight, hypertension, diabetes, cigarette smoking, and first
degree relatives’ ATCVD � age 55. The diagnosis of diabetes was
determined by the referring physicians’ use of oral therapy or insulin
for diabetes. Glucose intolerance and family history of diabetes were
not examined as potential confounding variables. History was obtained

on estrogen and progestin use including dose, duration of therapy, and
route of administration. We did not attempt to characterize possible
factors, which might have determined which women received or did not
receive ERT (history of carcinoma, prior venous thrombosis in the
individual or a family member, etc). History on surgical oophorectomy
was obtained. A detailed history was taken regarding prescription drug
use, as well as vitamins and nutritional supplements.

After an overnight fast, in all 401 women, blood was drawn to
genotype PTG and FV mutations.5,6 Fasting blood was also obtained
for measurement of total, high-density lipoprotein (HDL), and low-
density lipoprotein (LDL) cholesterol, triglyceride, lipoprotein (a),
homocysteine, methylmalonic acid, and anticardiolipin (ACLA) anti-
bodies IgG and IgM, as previously described.5,6,27-29

Of the 401 women, 74 had never previously been studied, and 157
had been included in previous reports of ERT interactions with the
Factor V Leiden5 or PTG6 mutations. Of 4235 and 2756 previously
studied women, 170 women in the current report had previous deter-
minations of FV or PTG, but not both, and for the current study, had
new measures of FV or PTG so that they now had both thrombophilic
genotypes completed.

The genetic information was safeguarded in password-restricted,
off-line computer files, with results provided only to the patients and
their physician of record, and not otherwise released except by written
request from the patient. Patients were provided with the results of their
PTG and FV testing; genetic counseling was uniformly done for those
heterozygous for the FV and PTG mutations.

Statistical Analysis

To increase the power of the study, ATCVD events involving the
carotid, coronary, and peripheral arterial circulations (Table 1) were
grouped together into 1 response variable. Several methods were used
to determine how ATCVD events were associated with ERT, FV, PTG,
and their interactions. Subjects categorized by � 1 of the 7 ATCVD
events (n � 152, see Tables 2 and 4) and those with � 2 of the 7
ATCVD events (n � 57, see Tables 3 and 4) were compared with those
with no events (n � 249). Group comparisons of ATCVD risk factors
were made after covariance adjusting for age and race (see Tables 2 and
3).30 �2 analyses and Fisher’s exact tests30 were used to compare
ATCVD events by ERT use and by presence of FV or PTG mutations
(see Table 4).

Stepwise logistic regression analysis was performed in 308 women
(121 with � 1 ATCVD event, 187 with no event) who had complete
data for all of the explanatory variables (panel 1, Table 5). Explanatory
variables included PTG, FV, ERT, a PTG*ERT interaction term, a
FV*ERT interaction term, a 2 gene term (� 1 mutant thrombophilic
gene present), a 2 gene*ERT interaction term, total and HDL choles-
terol, triglyceride, lipoprotein (a), homocysteine, ACLA IgG and IgM,
age, race, hypertension, Quetelet index (kg/cm2 � 1,000, a measure of
relative ponderosity), diabetes, cigarette smoking, and relatives’
ATCVD � age 55 years. Additional explanatory variables included
progesterone, PTG*progesterone and FV*progesterone interaction
terms, and a 2 gene*progesterone interaction term. LDL cholesterol
could not be calculated in the 50 women (12.5% of the cohort) whose
triglycerides were � 400 mg/dL, accounting for inclusion of total
cholesterol rather than LDL cholesterol as an explanatory variable in
the stepwise logistic regression equations.

Stepwise logistic regression was run separately in all 401 women,
152 with � 1 ATCVD event, 249 with no events, after excluding
ACLA antibodies IgG, and IgM from the explanatory variable list
(panel 2, Table 5, Fig 1).

Stepwise regression analysis was done in 231 women, 44 with � 2
ATCVD events versus 187 with no events (panel 1, Table 6). Stepwise
logistic regression was run separately in 306 women, 57 with � 2
ATCVD events, 249 without events, after excluding ACLA antibodies

725ESTROGENS, THROMBOPHILIA, ATHEROTHROMBOSIS



IgG and IgM from the explanatory variable list (panel 2, Table 6,
Fig 2).

Stepwise logistic regression was carried out separately in 363
women (131 with � 1 event, 232 event free) after removing the 23
women who were FV heterozygotes, the 14 who were PTG heterozy-
gotes, and 1 double heterozygote (Fig 3).

Stepwise logistic regression was carried out separately in 280
women (48 with � 2 events, 232 event free) after removing the 18
women who were FV heterozygotes, 7 who were PTG heterozygotes,
and 1 double heterozygote (Fig 4).

The PTG*ERT interaction term, the FV*ERT interaction term, and
the 2 gene*ERT interaction terms were defined as follows:
PTG*ERT � 1 for (ERT no and PTG no) or (ERT yes and PTG yes);
PTG*ERT � -1 for (ERT no and PTG yes) or (ERT yes and PTG no);
FV*ERT � 1 for (ERT no and FV no) or (ERT yes and FV yes);
FV*ERT � -1 for (ERT no and FV yes) or (ERT yes and FV no); 2
gene mutation (either PTG or FV)*ERT � 1 for (ERT no and both FV
and PTG gene normal) or (ERT yes and either FV or PTG gene yes);
2 gene mutation*ERT � -1 for (ERT no and either FV or PTG gene
mutation yes) or (ERT yes and both gene mutations no).

Fig 1. ATCVD odds ratio (95% CI) in 401 women, 152 with > 1

ATCVD event, 249 without events. ATCVD risk panel data excludes

ACLA antibody IgG and IgM, but includes the following: 20210G3A

prothrombin gene mutation (PTG), Factor V Leiden gene mutation

(FV), 2 genes (any PTG and/or FV mutation v normal in both genes),

ERT, PTG*ERT interaction term, FV*ERT interaction, 2 genes*ERT

interaction, total and HDL cholesterol, triglyceride, lipoprotein (a),

homocysteine, age, race, hypertension, Quetelet Index, diabetes, cig-

arette smoking, and relatives’ ATCVD < age 55 years.

Fig 2. ATCVD odds ratio (95% CI) in 306 women, 57 with > 2

ATCVD events, 249 without events. ATCVD risk panel data excludes

ACLA antibody IgG and IgM, but includes the following: 20210G3A

prothrombin gene mutation (PTG), Factor V Leiden gene mutation

(FV), 2 genes (any PTG and/or FV mutation v normal in both genes),

ERT, PTG*ERT interaction term, FV*ERT interaction, 2 genes*ERT

interaction, total and HDL cholesterol, triglyceride, lipoprotein (a),

homocysteine, age, race, hypertension, Quetelet Index, diabetes, cig-

arette smoking, and relatives’ ATCVD < age 55 years.

Fig 3. ATCVD odds ratio (95% CI) in 363 women, 131 with > 1

ATCVD event, 232 without events, after removing 23 women het-

erozygous for FV, 14 heterozygous for PTG, and 1 double heterozy-

gote. ATCVD risk panel data excludes ACLA antibody IgG and IgM,

but includes the following: ERT, total and HDL cholesterol, triglycer-

ide, lipoprotein (a), homocysteine, age, race, hypertension, Quetelet

Index, diabetes, cigarette smoking, and relatives’ ATCVD < age 55

years.

Fig 4. ATCVD odds ratio (95% CI) in 280 women, 48 with > 2

ATCVD events, 232 without events, after removing 18 women het-

erozygous for FV, 7 heterozygous for PTG, and 1 double heterozy-

gote. ATCVD risk panel data excludes ACLA antibody IgG and IgM,

but includes the following: ERT, total and HDL cholesterol, triglycer-

ide, lipoprotein (a), homocysteine, age, race, hypertension, Quetelet

Index, diabetes, cigarette smoking, and relatives’ ATCVD < age 55

years.
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RESULTS

Patient Characteristics

Of the 401 women, 152 (37.9%) had � 1 ATCVD event, 57
(14.2%) had � 2 events, and 249 (62.1%) were event-free
(Tables 1, 2, and 3). Among the 152 women with � 1 event,
nonoverlapping event categories are displayed in panel 1, Table
1. Among the 57 women with � 2 events, nonoverlapping
event categories are displayed in panel 2, Table 1.

The 152 women with � 1 ATCVD events were older, had
higher ACLA IgM, and were more likely to be black and
hypertensive than the 249 with no events (Table 2).

The 57 women with � 2 ATCVD events were older, had

higher ACLA IgM, and were more likely to be hypertensive
than the 249 with no events (Table 3).

At the time of referral, 143 of the 401 women (36%) were
taking a statin drug, 43 (11%) a fibric acid drug, 13 (3%) both,
and 10 (2.5%) other lipid-lowering agents. Of the 401 women,
153 (38%) had therapy to lower cholesterol, 46 (11%) had
therapy to lower triglyceride, 16 (4%) had both. Of the 153
women who were taking cholesterol-lowering drugs at study
entry, 81 (53%) had an ATCVD event, whereas 71 of 248
women (29%) not taking a cholesterol-lowering drug had an
event, X2 � 23.8, P � .0001. Patients having an ATCVD event
were much more likely than those without an event to enter the
study already taking a cholesterol-lowering drug.

Table 1. ATCVD Events in 152 Women With >1 ATCVD Event and in 57 Women With >2 Events

MI Angioplasty Angina CABG Claud CVA TIA

152 women with �1 event
29 with MI 7 10 8 7 4 6
11 with angioplasty 0 6 2 2 0 1
46 with angina 0 0 4 10 0 6
10 with CABG 0 0 0 0 3 2
13 with Claud 0 0 0 0 4 4
18 with CVA 0 0 0 0 0 5
25 with TIA 0 0 0 0 0 0

57 women with �2 events
20 with MI 7 10 8 7 4 6
7 with angioplasty 0 6 2 2 0 1
14 with angina 0 0 4 10 0 6
4 with CABG 0 0 0 0 3 2
7 with Claud 0 0 0 0 4 4
5 with CVA 0 0 0 0 0 4

Abbreviations: MI, myocardial infarction; CABG, coronary artery bypass graft; Claud, claudication; CVA, ischemic stroke; TIA, transient
ischemic attack.

Table 2. Risk Factors for ATCVD in 401 Hyperlipidemic Women (152 with event, 249 without event)

Variable

Event (n � 152) Without Event (n � 249)
Significance of Difference

Adjusted for Age and Race

Mean SD Median Mean SD Median P

Age (yr) 59* 12 61 53 15 55
Cholesterol (mg/dL) 230 68 220 236 66 227 .20
HDLC (mg/dL) 52 16 49 52 17 49 .21
LDLC (mg/dL) 133 50 126 (n � 132) 142 52 133 (n � 219) .065
TG (mg/dL) 238 230 156 288 480 154 .40
Systolic BP (mm Hg) 126 17 120 (n � 109) 123 15 120 (n � 176) .44
Diastolic BP (mm Hg) 79 9 76 (n � 109) 77 8 76 (n � 176) .23
Lp(a) (mg/dL) 39 43 24 31 38 17 .21
Homocysteine (mg/dL) 10 5 9 9 8 8 .46
IgG (GPL) 13.4 9.1 12.0 (n � 121) 12.1 8.2 10.0 (n � 187) .52
IgM (MPL) 4.9 5.8 3.0 (n � 121) 3.5 2.7 3.0 (n � 187) .0065
Quetelet (kg/cm2) � 103 2.80 0.54 2.80 2.74 0.65 2.55 .27
Race 14 Black, 138 (91%) White 10 Black, 239 (96%) White �2 � 4.5 P � .033
Hypertension 84 No, 68 (45%) Yes 164 No, 85 (34%) Yes �2 � 4.5 P � .034
Diabetes 134 No, 18 (12%) Yes 221 No, 28 (11%) Yes �2 � 0.0 P � .86
Smoke 125 No, 27 (18%) Yes 216 No, 33 (13%) Yes �2 � 1.5 P � .22
Relatives’ ATCVD � age 55 73 No, 79 (52%) Yes 127 No, 122 (49%) Yes �2 � 0.3 P � .56

Abbreviations: HDLC, high-density lipoprotein-cholesterol; LDLC, low-density lipoprotein-cholesterol; TG, triglycerides; Lp(a), lipoprotein(a);
GPL, G-phospholipid; MPL, M-phospholipid.

*P � .05.
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After adjusting for age and race, the 24 women heterozygous
for the FV mutation (6% of the cohort) (Table 4) did not differ
from the 377 women wild-type normal for the Factor V gene
for the cardiovascular risk factors displayed in Tables 2 and 3,
except more smoking in FV heterozygotes (33% v 14%, �2 �
6.77, P � .01).

After adjusting for age and race, the 15 women heterozygous
for the PTG mutation (3.7% of the cohort) (Table 4) did not
differ from the 386 women wild-type normal for the prothrom-
bin gene for the cardiovascular risk factors displayed in Tables
2 and 3, excepting median HDL, 60 mg/dL in PTG heterozy-
gotes versus 49 in wild-type normals, P � .004.

After adjusting for age and race, the 110 ERT users (27% of

the cohort) differed from the 291 nonusers for lipoprotein (a)
(median 12 in the users v 22 in nonusers [P � .015]) and also
for HDL (median 52 in the users v 49 in the nonusers [P �
.020]).

Cross-Tabulation of ERT, Thrombophilic Mutations, and
ATCVD Events

In the total cohort of 401 women, 110 (27%) took ERT, 64
unopposed, 46 accompanied by progesterone. Of the 110
women on ERT, 51 had surgical bilateral oophorectomy. Of the
31 women taking ERT who also had ATCVD events, 18 took
conjugated equine estrogen (Premarin, Wyeth-Ayerst Pharma-

Table 4. Cross-Tabulation of ATCVD Events, Heterozygosity for the Factor V or Prothrombin Gene Mutations, and ERT

Of the 152 Patients With �1 Event Of the 57 Patients With �2 Events Of the 249 Patients Without Event

n ERT Yes ERT No n ERT Yes ERT No n ERT Yes ERT No

Factor V Leiden � 12 4 (33%) 8 7 3 (43%) 4 12 5 (42%) 7
PTG � 9 4 (44%) 5 2 1 (50%) 1 6 1 (17%) 5
V Leiden or PTG at least one � 21 8 (38%) 13 9 4 (44%) 5 17 6 (35%) 11
Both V Leiden and PTG � 131 23 (18%) 108 48 5 (10%) 43 232 73 (31%) 159

All 401 Women

FV or PTG Heterozygote Wild-Type Normal Total
ATCVD event yes 21 (14%) 131 (86%) 152 (100%)
ATCVD event no 17 (7%) 232 (93%) 249 (100%) �2 � 5.37, P � .02

ERT � (n � 110)

ATCVD Event Yes ATCVD Event No Total
FV or PTG heterozygote 8 (57%) 6 (43%) 14 (100%)
Wild-type normal 23 (24%) 73 (76%) 96 (100%) �2 � 6.6, P � .01

Wild-Type Normal (n � 363)

ATCVD Event Yes ATCVD Event No Total
ERT� 23 (24%) 73 (76%) 96 (100%)
ERT� 108 (40%) 159 (60%) 267 (100%) �2 � 8.3, P � .004

Table 3. Risk Factors for ATCVD in 306 Hyperlipidemic Women (57 with >2 events, 249 without event)

Variable

Event (n � 57) Without Event (n � 249)
Significance of Difference

Adjusted for Age and Race

Mean SD Median Mean SD Median P

Age (yr) 62* 10 62 53 15 55
Cholesterol (mg/dL) 235 82 213 236 66 227 .74
HDLC (mg/dL) 50 17 48 52 17 49 .13
LDLC (mg/dL) 126 49 123 (n � 44) 142 52 133 (n � 219) .051
TG (mg/dL) 293 281 197 288 480 154 .62
Systolic BP (mm Hg) 128 19 130 (n � 44) 123 15 120 (n � 176) .31
Diastolic BP (mm Hg) 80 11 76 (n � 44) 77 8 76 (n � 176) .16
Lp (a) (mg/dL) 42 48 24 31 38 17 .22
Homocysteine (mg/dL) 11 7 9 9 8 8 .094
IgG (GPL) 13.8 8.9 11.0 (n � 44) 12.1 8.2 10.0 (n � 187) .65
IgM (MPL) 4.7 4.2 3.0 (n � 44) 3.5 2.7 3.0 (n � 187) .054
Quetelet (kg/cm2) � 103 2.84 0.56 2.88 2.74 0.65 2.55 .19
Race 5 Black, 52 (91%) White 10 Black, 239 (96%) White �2 � 2.3 P � .13
Hypertension 29 No, 28 (49%) Yes 164 No, 85 (34%) Yes �2 � 4.5 P � .034
Diabetes 47 No, 10 (18%) Yes 221 No, 28 (11%) Yes �2 � 1.7 P � .19
Smoke 47 No, 10 (18%) Yes 216 No, 33 (13%) Yes �2 � 0.7 P � .40
Relatives’ ATCVD � age 55 25 No, 32 (56%) Yes 127 No, 122 (49%) Yes �2 � 1.0 P � .33

*P � .05.
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ceuticals, Philadelphia, PA) alone (mean [SD] 0.71 [0.21]
mg/d), 5 took 0.625 mg Premarin plus 5 mg medroxyproges-
terone, 2 Climara (Berlex Laboratories, Wayne, NJ) skin
patches (1 mg estradiol), 2 Estratest (Solvay Pharmaceuticals,
Marietta, GA) (0.625 mg esterified estrogen plus 2.5 mg meth-
yltestosterone), 2 Estrace (Warner Chilcott, Rockaway, NJ) (1
mg estradiol), and 2 estrogen-progestin oral contraceptives. In
these 31 women, ERT was started 8.7 � 4.7 years before their
ATCVD event.

Of the 79 women taking ERT without ATCVD events, 27
took Premarin (0.74 [0.42] mg/d), 26 took 0.625 mg Premarin
plus 5 mg medroxyprogesterone, 2 Climara skin patches, 2
Estratest, 6 Estrace, 3 Ogen (0.625 mg estrone), and 13 estro-
gen-progestin oral contraceptives.

Of the 152 women with � 1 event, 21 (14%) were either FV
or PTG heterozygotes versus 17 of 249 (7%) without events
(X2 � 5.37, P � .02), panel 2, Table 4. In women without
either thrombophilic gene mutation, 23 of 96 (24%) on ERT
had ATCVD events versus 108 of 267 (40%) not on ERT
(X2 � 8.3, P � .004), panel 4, Table 4. In those women on
ERT and with both genes wild-type normal, 23 of 96 (24%)
had � 1 ATCVD event and 73 of 96 (76%) had no event, but
in those on ERT and with � 1 thrombophilic mutation, 8 of 14
(57%) had � 1 event and 6 of 14 (43%) had no event, X2 � 6.6,
P � .01, panel 3, Table 4.

Interactions Between the Two Thrombophilic Gene Mutations
and Estrogen Replacement Therapy for ATCVD

By stepwise logistic regression in 308 women with complete
ATCVD risk factor data (121 women with � 1 event, 187 no
events), significant positive explanatory variables for ATCVD
included either FV or PTG positive (risk odds ratio, 3.62, 95%
CI 1.59 to 8.24, P � .0021), an interaction between PTG and
ERT (risk odds ratio, 2.19, 95% CI 1.25 to 3.83, P � .0062),

age (P � .020), race (P � .0007), and ACLA IgM (P � .0039),
panel 1, Table 5.

After excluding ACLA IgG and IgM measures, data was
complete in 401 women, 152 with � 1 event, 249 nonevents.
Significant positive explanatory variables for ATCVD included
either FV or PTG positive (risk odds ratio, 2.59, 95% CI 1.26
to 5.36, P � .010), a PTG*ERT interaction term (risk odds
ratio, 2.27, 95% CI 1.36 to 3.79, P � .0017), age (P � .0016),
race (P � .032), and hypertension (P � .045) (panel 2, Table
5, Fig 1).

Progesterone, PTG*progesterone, FV*progesterone, and 2
gene mutation*progesterone interaction terms were not sigifi-
cant variables (P � .05) in the stepwise logistic regression
model.

After deleting 23 FV heterozygotes, 14 PTG heterozygotes,
and 1 double heterozygote from the 401 women, 363 remained,
131 with � 1 event, 232 without events (Fig 3). Here, ERT was
protective against ATCVD events (risk odds ratio, 0.50, 95%
CI 0.29 to 0.87, P � .014), Fig 3. Age was positively associated
with ATCVD (Fig 3).

By stepwise logistic regression, in 231 women (44 with � 2
ATCVD events and 187 without events) with complete risk
factor data, positive explanatory variables for ATCVD included
heterozygosity for either FV or PTG (risk odds ratio, 10.7, 95%
CI 3.07 to 37.1, P � .0002), interaction between PTG and ERT
(risk odds ratio, 5.95, 95% CI 1.97 to 18.0, P � .0016), top
decile ACLA IgM (P � .029), age (P � .0088), race (P �
.026), hypertension (P � .038), cholesterol (P � .041), and
triglyceride (P � .0007), panel 1, Table 6. The inverse asso-
ciation of cholesterol with ATCVD events is probably attrib-
utable to the finding that patients having an ATCVD event at
study entry were much more likely than those without events to
be already taking a cholesterol-lowering drug (53% v 29%).

After excluding ACLA IgG and IgM measures, by stepwise

Table 5. Significant Independent Determinants of Atherothrombotic Events by Logistic Regression

Dependent Variable

Significant Determinant Risk Odds Ratio

Variable Sign P Ratio 95% CI

Atherothrombotic event
(n � 308, 121 events, 187 no events) G2 � .0021 3.62 (1.59, 8.24)

PTG*ERT � .0062 2.19 (1.25, 3.83)
Concordant 72% Age � .020 1.27 (1.04 1.55)
Disconcordant 28% Black race � .0007 7.04 (2.27, 21.7)

IgM � .0039 3.32 (1.47, 7.49)
Excluding IgG and IgM from the explanatory variable list

Atherothrombotic event
(n � 401, 152 events, 249 no events) G2 � .010 2.59 (1.26, 5.36)

PTG*ERT � .0017 2.27 (1.36, 3.79)
Concordant 69% Age � .0016 1.31 (1.11, 1.55)
Disconcordant 31% Black race � .032 2.64 (1.09, 6.37)

Hypertension � .045 1.58 (1.01, 2.47)

NOTE. Stepwise selection on patients’ age, top decile of cholesterol, triglycerides, lipoprotein(a), homocysteine, anticardiolipin antibodies IgG,
IgM, Quetelet, bottom decile of high-density lipoprotein cholesterol, and categorical variables race, hypertension, diabetes, smoking, relatives’
ATCVD events � age 55, prothrombin gene mutation (PTG), Factor V Leiden gene mutation (FV), either of the 2 genes mutation (G2), estrogen
replacement therapy (ERT), and ERT interaction with gene mutation terms: PTG*ERT, FV*ERT, G2*ERT.

Event: Yes � 1, No � 0; Race: White � 0, Black/Other � 1; Hypertension: Yes � 1, No � 0; Relatives’ ATCVD events (� age 55): Yes � 1, No �

0; Smoke: Yes � 1, No � 0; PTG: PN � 1, NN � 0; FV: PN � 1, NN � 0; G2 � 1 if either PTG � 1 or FV � 1, G2 � 0 if both PTG � 0 and FV �

0; ERT: Yes � 1, No � 0.
Risk odds ratio for age was for increasing by 10 years.
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logistic regression, in 306 women (57 with � 2 events, 249
without events), positive explanatory variables for ATCVD
included being heterozygous for either FV or PTG (risk odds
ratio, 4.74, 95% CI 1.69 to 13.3, P � .0031), an interaction
between PTG and ERT (risk odds ratio, 3.90, 95% CI 1.57 to
9.68, P � .0034), age (P � .0012), homocysteine (P � .011),
hypertension (P � .030), cholesterol (P � .048), and triglyc-
eride (P � .0013), (panel 2, Table 6, Fig 2).

After deleting 18 FV heterozygotes, 7 PTG heterozygotes,
and 1 double heterozygote from the 306 women (above), 280
remained, 48 with � 2 events, 232 without events (Fig 4).
Here, ERT was protective against ATCVD events (risk odds
ratio, 0.26, 95% CI 0.09 to 0.75, P � .013) (Fig 4). Other
significant risk factors included: age (P � .0014), hypertension
(P � .050), homocysteine (P � .0065), and triglyceride (P �
.0019) (Fig 4).

DISCUSSION

HERS,1 ERA,2 and the incomplete WHI-HRT3,4 are, to date,
the only prospective, placebo-controlled, randomized clinical
trials, which examined whether ERT reduces CHD. These 3
trials suggested that ERT may increase rather than reduce CHD
and increase thromboembolism. Women in HERS1 and ERA2

had documented CHD at study entry. Our current study and
previous reports found that ERT interacts with FV5 and PTG6,7

to promote arterial thrombosis5-7; ERT also interacts with FV to
promote osteonecrosis in women heterozygous for FV.8,9,31 An
interaction between “environmental” factors, such as ERT and
the heritable thrombophilic gene mutations,5-9,20,31 leads to

both arterial13,19,20,32,33 and venous6,8-12,31,34 thrombosis.
Rosendaal et al20 have reported that cigarette smoking in con-
junction with the PTG mutation increases the risk of MI in
young women.20 They found no association between MI and
oral contraceptive agents in their cohort and cautioned that their
results could not be generalized to older women.20

Any associations between ATCVD and thrombophilic gene
mutations (V Leiden, PTG)5-7,14-18,34-36 probably reflect a gene-
gender-ERT interaction, since ERT is given to women only.

Although the results of our current study are statistically
significant, the absolute number of subjects heterozygous for
the FV and PTG was small, 24 for FV (9 on ERT and 15 not
on ERT) and 15 for PTG (5 on ERT, 10 not on ERT). We
studied women referred because of hyperlipidemia, who may
not be representative of unselected postmenopausal women. To
provide adequate statistical power, ATCVD events involving
the carotid, coronary, and peripheral arterial circulations were
pooled. Pooling necessarily lumps acute and chronic throm-
botic and atherosclerotic events which may, speculatively, re-
flect how ATCVD events present clinically. A very much larger
study would be required to focus on individual ATCVD events,
assuming that events could be categorized as thrombotic alone
or atherosclerotic alone, without overlap.

Our current study suggests that PTG and FV may increase
risk for ATCVD, particularly in the presence of ERT,5-7

whereas ERT may be protective against ATCVD when the
thrombophilic PTG and FV are absent. Our data support earlier
speculations that the 50% increase in cardiovascular events in
the ERT group during the first year of HERS,1 followed by

Table 6. Significant Independent Determinants of Multiple Atherothrombotic Events (>2 events) by Logistic Regression

Dependent Variable

Significant Determinant Risk Odds Ratio

Variable Sign P Ratio 95% CI

Atherothrombotic event
(n � 231, 44 events, 187 no events) G2 � .0002 10.7 (3.07, 37.1)

PTG*ERT � .0016 5.95 (1.97, 18.0)
Concordant 85% IgM � .029 3.63 (1.14, 11.5)
Disconcordant 15% Age � .0088 1.57 (1.12, 2.21)

Black race � .026 6.41 (1.24, 33.3)
Hypertension � .038 2.49 (1.05, 5.91)
Cholesterol � .041 0.19 (0.04, 0.93)
Triglyceride � .0007 8.77 (2.49, 30.9)

Excluding IgG and IgM from the explanatory variable list
Atherothrombotic event

(n � 306, 57 events, 249 no events) G2 � .0031 4.74 (1.69, 13.3)
PTG*ERT � .0034 3.90 (1.57, 9.68)

Concordant 79% Age � .0012 1.57 (1.19, 2.06)
Disconcordant 21% Homocysteine � .011 3.01 (1.29, 7.03)

Hypertension � .030 2.13 (1.08, 4.22)
Cholesterol � .048 0.26 (0.07, 0.99)
Triglyceride � .0013 5.94 (2.01, 17.5)

NOTE. Stepwise selection on patients’ age, top decile of cholesterol, triglycerides, lipoprotein(a), homocysteine, anticardiolipin antibodies IgG,
IgM, Quetelet, bottom decile of high-density lipoprotein cholesterol, and categorical variables race, hypertension, diabetes, smoking, relatives’
ATCVD events � age 55, prothrombin gene mutation (PTG), Factor V Leiden gene mutation (FV), either of the 2 genes mutation (G2), estrogen
replacement therapy (ERT), and ERT interaction with gene mutation terms: PTG*ERT, FV*ERT, G2*ERT.

Event: Yes � 1, No � 0; Race: White � 0, Black/Other � 1; Hypertension: Yes � 1, No � 0; Relatives’ ATCVD events (� age 55): Yes � 1, No �

0; Smoke: Yes � 1, No � 0; PTG: PN � 1, NN � 0; FV: PN � 1, NN � 0; G2 � 1 if either PTG � 1 or FV � 1, G2 � 0 if both PTG � 0 and FV �

0; ERT: Yes � 1, No � 0.
Risk odds ratio for age was for increasing by 10 years.
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reduced events in the ERT group after 3 years, reflects an initial
high ATCVD event rate in a susceptible cohort37 of ERT-
treated women with FV and/or PTG mutations, with subsequent
attrition of this susceptible cohort. Within this frame of refer-
ence, the recent, prospective, observational, epidemiologic
Nurses Health Study revealed that risk for recurrent major
coronary events seemed to increase among short-term ERT
users with previous coronary disease, and then decreased with
longer-term use.38

Our results need to be independently confirmed in larger
cohort studies, in non-Caucasians, and in subjects without
hyperlipidemia. Both the FV and PTG mutations are much less
common in African-Americans than in Caucasians.29 The most
compelling way to study thrombophilic interactions between
ERT and both PTG6,7 and FV mutations5 would be a random-
ized, placebo-controlled prospective clinical trial of ERT and
CHD. However, the small percentage of women in general
populations with V Leiden (4%)29 and/or PTG mutations
(4%)29 would make a randomized, placebo-controlled, clinical
trial astronomically expensive. Prospective case-control studies
of thrombophilic interactions between ERT and PTG6,7 and FV
mutations5 might be done if DNA was archived from patients
in HERS,1 ERA,2 and WHI-HRT.3,4

While the increase in CHD events in the current study
appears to be related to an interaction of ERT with the Factor
V Leiden and prothrombin gene mutations, other potential
adverse cardiovascular effects of ERT include ERT-induced
elevation of C-reactive protein,39 and metalloproteinases.40

Herrington et al39 have reported that 0.625 mg oral conjugated
estrogen resulted in 65.8% higher levels of C-reactive protein,
a marker for endothelial inflammation. Zanger et al40 reported
that 0.625 mg conjugated estrogen plus medroxyprogesterone
2.5 mg/d increased levels of matrix metalloproteinase-9 (P �
.02), which could increase digestion and weakening of fibrous
caps of vulnerable plaques, promoting thrombosis.

If the HERS,1 ERA2, WHI,3,4 findings reflect an interaction
between ERT and underlying heritable susceptibility factors,
including Factor V Leiden,5 and/or the prothrombin gene mu-
tations,6,7 then screening of postmenopausal women may better
characterize a woman’s expected risk or benefit from ERT for
atherothrombotic outcomes. However, Vandenbroucke et
al,41,42 argue that large-scale genetic screening is probably not
cost effective. The value of screening for V Leiden and PTG
mutations in women before starting ERT will depend on the
cost and yield of screening efforts versus the number of clinical
events that might possibly be averted.41,42
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