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Blood Coagulation, Fibrinolysis and Cellular Haemostasis
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Summary

Clinical trials of postmenopausal hormone therapy (PHT) have
found an early increase in cardiovascular events, and have not
demonstrated the reduction in coronary heart disease (CHD)
predicted from changes in conventional risk factors or found in
observational studies, suggesting that PHT may increase coron-
ary risk through other pathways.We compared baseline levels of
C-reactive protein (CRP), interleukin-6 (IL-6), sSICAM-I, tissue
plasminogen activator antigen (tPA-antigen), D-dimer,homocys-
teine, triglycerides, total-, HDL- and LDL- cholesterol in 304
cases with incident CHD and 304 controls,according to self-re-
ported use of PHT. Subjects were selected from the 75,343 par-
ticipants in the WHI Observational Study without baseline car-
diovascular disease or cancer. PHT was associated with higher
CRP, HDL and triglycerides, and lower tPA-antigen and homo-
cysteine. CRP was highest in users of unopposed conjugated
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equine estrogen. Levels of IL-6,sICAM-|,D-dimer and total cho-
lesterol did not differ between PHT users and non-users.Trans-
dermal estrogen users had low levels of D-dimer and CRP.
Among users of estrogen plus progestin (EP), CRP, IL-6, tPA-
antigen, D-dimer, total cholesterol and triglycerides were higher
in women with incident coronary events than controls. Estrogen
alone (E) controls shared only the tPA-antigen association, but
had higher HDL and lower LDL than E cases. In non-users CRP,
tPA-antigen and D-dimer were associated with incident CHD. In
summary, risk markers differed by PHT category. Some associ-
ations differed between women with and without incident CHD,
especially for EP, where inflammatory and thrombotic markers
were higher in cases. These associations remain speculative
pending confirmation in randomized trials.

Thromb Haemost 2005; 93: 1108-16

Introduction

The findings of an early increase in coronary events and no car-
diovascular benefit after about 5 years of treatment in the
Women'’s Health Initiative trial of Estrogen plus Progestin (WHI
E+P trial) (1), which enrolled women in the age range 50-79
(mean 63) years with otherwise average cardiovascular risk, and

a similar result in the Heart and Estrogen Replacement Study
(HERS) (2) which enrolled women with known coronary dis-
ease, have not substantiated the expectation from observational
studies that postmenopausal hormone therapy (PHT) reduces the
risk of coronary heart disease (CHD). Most of the events oc-
curred relatively soon after treatment was initiated. The WHI
CEE-alone trial also found no benefit for CHD, but without a dif-
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ference in early events (3). The lack of atheroma reduction in
several secondary prevention trials including the Estrogen Re-
placement and Atherosclerosis (ERA) (4) study, the Well-Hart
trial (5) and the WAVE trial (6) have also created doubts regard-
ing the hypothesized underlying mechanisms of CHD protection
from hormone therapy.

The expectation of benefit, derived from observational data
that largely represented the use of unopposed estrogen in re-
cently postmenopausal women, was also supported by clinical
trials such as the Postmenopausal Estrogen Progestin Interven-
tions (PEPI) study that demonstrated improvements in certain
conventional cardiovascular risk factors, including LDL- choles-
terol and HDL-cholesterol (7), the latter of which may be of par-
ticular importance in women (8, 9). The WHI E+P trial, HERS
and Well-Hart trials found modest improvements in lipids but
these changes were not associated with protection from CHD
events (1, 2, 5).

An unexpected finding from both the WHI E+P and HERS
trials was an excess of events in the active treatment group
that was greatest in the first year when coronary events were in-
creased by 78% and 52%, respectively. This excess declined
sharply in the second year in both studies, and there was no
substantial early harm in the CEE-alone arm of the WHI (1, 3).
The early hazard in the HERS secondary prevention trial was
attributed in part to the possibility that women who had substan-
tial atheroma when PHT was initiated were at risk for early
plaque rupture. The WHI E+P trial, conducted in an average
risk population with a mean age of 63, also found an early excess
of events that was unrelated to known CHD when treatment
was begun, although a proportion of women in this age range
would be expected to have sub-clinical complicated plaques and
the hazard increased directly with time since menopause (1, 11,
12).

The observation of an early excess in CHD events in both
average and high risk women, despite changes in some conven-
tional risk factors which should convey protection, suggests that
this early risk may involve pathways besides those associated
with the conventional markers currently assessed in routine
screening. Candidate mechanisms meeting these criteria include
haemostatic and inflammatory processes, and changes in ox-
idative markers like homocysteine (13).

Pharmacologic interventions including PHT may modify the
risks of coronary artery disease ascribed to tPA (14—18). These
risks may be further modified by progestins used in combined
hormone preparations. Results from several clinical trials sug-
gest that PHT is associated with increases in pro-thrombotic ef-
fects (19-24). Data regarding associations between D-dimer and
PHT are limited, primarily due to small sample size or relatively
short duration of treatment (20, 22, 25, 26). These investigations
found non-significant but graded downward trends in plasma
D-dimer levels with increasing duration of PHT use, suggesting
reduced fibrinolytic activity.

Menopause and estrogen status have a variety of effects on
inflammatory markers (16, 27, 31), including increases in serum
C-reactive protein (CRP) levels and decreases in fibrinogen and
Intereukin-6 (IL-6) (28), underscoring the complexity of the in-
flammatory mechanisms affected by PHT use. Soluble intercel-
lular adhesion molecule type 1 (SICAM-1) was associated with

an increased risk of cardiovascular disease in women (13), al-
though information on its relation to PHT use is sparse. Fur-
thermore, PHT may modulate the positive relationship between
obesity and inflammatory cytokine production (30).

Both estrogen alone, and estrogen plus progestin prepara-
tions have been associated with diminished plasma homocys-
teine levels, particularly in those with the highest baseline levels
(27,33, 34). However, small numbers of postmenopausal women
and short duration of treatment limit the utility of these studies,
and there is currently no evidence for the expected reductions in
cardiovascular events.

In summary, there is a clear need to better understand the as-
sociations between PHT and inflammatory, haemostatic and ox-
idative markers of CHD risk. The Women’s Health Initiative, a
large prospective study of post-menopausal women, includes a
non-intervention component (the WHI Observational Study).
Data collected as part of a case-control study in this population
provided the opportunity to compare levels of a variety of risk
factors at the baseline visit, according to current PHT use, in
women with incident CHD after the baseline examination, and
matched controls without incident coronary events.

Methods

Study population

The Women'’s Health Initiative (WHI) is a large program includ-
ing both a prospective Observational Study (WHI-OS) and three
overlapping clinical trials. WHI-OS participants are not receiv-
ing interventions in the study, and their use of treatments gen-
erally available to U.S. women was unrestricted (35).

The objectives and design of the WHI-OS have been de-
scribed elsewhere (35). Briefly, the WHI-OS is an ongoing na-
tionwide prospective cohort study of post-menopausal women
with a racial/ethnic distribution reflecting that of U.S. women of
the same age. It is designed to examine the associations between
a variety of clinical, socioeconomic, behavioral, and dietary risk
factors and the incidence of several health outcomes including
CHD. Between 1994 and 1998, the WHI-OS enrolled 93,724
women aged 50-79 at forty clinical centers throughout the
United States. Women were eligible if they were postmenopau-
sal, unlikely to change residence or die within three years, not en-
rolled in the WHI Clinical Trial, and not participating in any
other clinical trial. At baseline, women completed question-
naires assessing personal and family health history, health-re-
lated behaviors, and social/environmental factors. Basic physi-
cal measurements were taken and they provided fasting plasma
and serum for future use. Fasting was defined as no food or bev-
erage intake except water in the 12-hour period prior to blood
collection. Blood samples were processed and placed in long-
term storage at —70° C. The study was approved by Institutional
Review Boards at each participating institution, and informed
consent was provided by all women enrolled.

The population for this cross-sectional survey was comprised
of both cases and controls derived from a prospective nested
case-control study of the relationship between markers of in-
flammation and thrombosis and incident coronary disease. We
studied cases and controls selected from the 75,343 participants
who were free of cardiovascular disease and cancer at baseline.
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Case subjects were WHI-OS participants who developed a first
coronary event after baseline. Control subjects were selected
from women who remained free of coronary disease. Controls
were 1:1 matched to cases by age (within 1 year), smoking status
(non-smoker, former smoker, or current smoker), ethnicity
(Non-Hispanic White, Black, Hispanic, American Indian/Alas-
kan Native, Asian/Pacific Islander, or not otherwise specified),
and follow-up time (6 month intervals). Women with any of the
following conditions at baseline were excluded: angina, conges-
tive heart failure, myocardial infarction, coronary angioplasty or
bypass surgery, stroke and cancer (except non-melanoma skin-
cancer). As of February 2000, 315 cases-control pairs who met
these criteria were identified for analysis. Eleven case-control
pairs were eliminated due to inadequate blood specimen at time
of laboratory analysis, leaving 304 cases matched to 304 con-
trols.

Baseline clinical variables

At the clinic visit height was measured to the nearest 0.1 cen-
timeter and weight to the nearest 0.1 kilogram while participants
were dressed in indoor clothes with shoes removed. Body mass
index (BMI) was calculated as the weight in kilograms divided
by the height in meters squared. Blood pressure was measured
using a conventional mercury sphygmomanometer after the sub-
ject had been seated and resting for five minutes. Two measure-
ments each were taken for systolic and diastolic pressure; these
were averaged for use in statistical analyses.

History and exposure data were reported on self-adminis-
tered forms. Race/ethnicity was self-identified as Non-Hispanic
White, Black, Hispanic, American Indian/Alaskan Native,
Asian/Pacific Islander, or other. Hypertension was defined as
history of treated or untreated high blood pressure or measured
baseline systolic blood pressure 140 mmHg or diastolic blood
pressure 90 mmHg. History of diabetes was defined as self-re-
port of diagnosed diabetes mellitus. A positive family history of
premature coronary artery disease was defined by self-report of
myocardial infarction in a first-degree male relative prior to the
age of 55 or first-degree female relative prior to the age of 65.
Unknown family history was coded for those participants unsure
of family history of MI or age at presentation. Smoking status
(non-smoker, former smoker, or current smoker) was deter-
mined from lifetime smoking of at least 100 cigarettes, current
daily cigarette smoking, and self-report of smoking cessation.
Physical activity was quantified by episodes per week of strenu-
ous recreational physical activity. Alcohol consumption was
computed from a food frequency questionnaire and categorized
according to number of alcoholic beverages per week. History of
hysterectomy was determined by self-report.

Classification of use of postmenopausal hormone re-
placement therapy

A detailed baseline questionnaire was used to characterize expo-
sure to hormone therapy at several levels. PHT use was first clas-
sified as never, past, or current use of pills or patches. It was then
classified as estrogen alone (E) or estrogen plus progestin (EP).
The three categories of current use thus created: non-user, E, and
EP were used for the primary comparisons. Subgroups within
these categories were also evaluated. For women who used EP,

the regimen was classified according to days a progestin was
used per month as follows: less than 5 days per month (ineffec-
tive), 5 to 12 days per month (cyclic), and 13 or more days per
month (continuous). For women who used either E or EP, es-
trogen type was categorized as conjugated equine estrogen
(CEE) or non-CEE estrogen (which was mostly 17- estradiol).
Women who used an unspecified estrogen (N = 5) were excluded
from these subgroup analyses. Among current users, duration of
current treatment was calculated based upon self-reported du-
ration of the most recent PHT regimen.

Follow-up and ascertainment of first coronary events
As of February 2000, median duration of follow-up for the co-
hort was 2.9 years. At that time, 2.5% of subjects had withdrawn
or were otherwise lost to follow-up. Participants are sent annual
medical update forms to report the occurrence of any hospitaliz-
ation and a wide variety of outcomes including CHD. Confirma-
tion of self-reported non-fatal CHD was based upon medical rec-
ord review with documentation of new chest pain accompanied
by characteristic evolution of electrocardiographic changes or
clear evidence of myocyte damage as demonstrated by elevated
CK-MB or troponin values. Deaths due to coronary disease were
confirmed on the basis of autopsy reports, circumstances of
death, electrocardiogram, laboratory test results, and reports
from all relevant procedures. In addition, we included cases of
sudden cardiac death in which death occurred within one hour of
symptom onset in the absence of other potentially lethal non-car-
diac disease processes.

Laboratory procedures

Baseline fasting plasma samples were thawed and assayed for
high sensitivity C-reactive protein (CRP), interleukin-6 (IL-6),
soluble intercellular adhesion molecule-1 (SICAM-1), tissue
plasminogen activator antigen (tPA-antigen), D-dimer, homo-
cysteine, triglycerides, total-, HDL-, and LDL- cholesterol. CRP
was measured by a high-sensitivity method on the Hitachi 911
analyzer using reagents from Denka Seiken (Niigata, Japan).
IL-6 was measured by a commercially available ELISA (R & D
Systems, Minneapolis, MN). sSICAM-1 was measured by ELISA
(R&D Systems, Minneapolis, MN). tPA-antigen and D-dimer
were determined by ELISA (American Diagnostica, Greenwich,
CT). Total cholesterol, HDL cholesterol, directly obtained LDL
cholesterol levels, and triglycerides were measured on a Hitachi
911 analyzer with reagents from Roche Diagnostics (Indianapo-
lis, IN) and Genzyme Corporation (Cambridge, MA). Homocys-
teine was measured by a microparticle enzyme immunoassay on
the IMx analyzer (Abbott Laboratory, Abbott Park, IL). Samples
were analyzed in randomly ordered case-control pairs so as to
minimize systematic bias and interassay variation. The coef-
ficients of variation for CRP, IL-6, sSICAM-1, tPA-antigen,
D-dimer and homocysteine derived from a 5% sample of simul-
taneously analyzed blinded quality control specimens were
3.3%, 10.1%, 7.4%, 9.9%, 19.9%, and 1.5%, respectively.

Statistical analysis

We used the student’s ¢ test for two-group comparisons, and
analysis of variance (ANOVA) for comparisons of more than two
groups, to evaluate differences in means. We used the y? statistic
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to evaluate differences in proportions. Spearman correlation co-
efficients were calculated to assess univariate associations be-
tween biomarkers. We used one-way ANOVA to test differences
in means of each biomarker in subgroups of women defined by
PHT status for all participants, and separately for cases and con-
trols. As the distributions of CRP, IL-6, tPA-antigen, D-dimer,
homocysteine and triglycerides were skewed, these variables
were natural log-transformed to meet the assumptions of para-
metric tests, and differences in natural log transformed means
were assessed. Medians (inter-quartile range) and geometric
means are presented in tables. Multivariate-adjusted mean biom-
arker levels were computed and subgroup differences tested
using the generalized linear models procedure in SAS. Adjusted
models included case-control status and variables that differed
significantly between categories of PHT use: age (linear), body-
mass index (quadratic), history of diabetes, and hysterectomy
status. In this exploratory analysis, a two-sided p-value of less
than 0.05 was considered statistically significant.

Results

Of the 608 women in the study population, 222 (36.5%) reported
that they were taking some form of PHT when they entered the
study (Table 1). Nearly twice as many women were taking E
(N=146), as were taking EP (N=76). Hormone users, particu-
larly users of EP, were younger than non-users and had lower
mean BMI. Nearly 10 percent of women who were not taking
PHT reported a history of diabetes compared with 3.4 and 2.6
percent among women on E and EP, respectively. Since the data
in Table 1 are organized by hormone use category rather than
case-control status, percentages of cases and controls are pro-
vided for each category. Non-users were more likely to have had
an incident coronary event (54.4 percent) than users of E (42.5
percent) or EP (42.1 percent). Among women on E, 93 percent
had undergone hysterectomy and the median duration of es-
trogen use was 16.5 years. The duration of use was considerably
less (median 6.0 years) in women taking EP, 96 percent of whom
had their uterus. About two-thirds of the women on EP were
using both the estrogen and progestin daily (continuous
regimen), 26 percent reported being on a cyclical regimen, and 7
percent were on unknown or ineffective regimens. There were no
differences in racial/ethnic composition, history of hyperten-
sion, family history of premature CHD, smoking status, physical
activity, or alcohol consumption, according to PHT use category.

Correlations between risk markers

Correlations among the inflammatory, haemostatic, oxidative
and lipid markers are shown in Table 2. As expected, CRP levels
were strongly correlated with IL-6 (r=0.52, P <0.001). In gen-
eral, modest statistically significant correlations were observed
between the inflammatory and haemostatic factors. With the ex-
ception of CRP, there were also significant correlations between
the inflammatory and haemostatic markers and homocysteine.
HDL (inverse) and triglycerides, but not LDL and total choleste-
rol, were significantly correlated with CRP, IL-6, SICAM-1 and
tPA-antigen, although the magnitude of these correlations was
modest.

Differences in risk factor levels by PHT use category

Table 3 displays baseline medians (inter-quartile range) and ad-
justed geometric means (to permit statistical comparisons) for
each biomarker according to PHT. CRP was increased in PHT
users compared to non-users and highest in women on E; this dif-
ference remained after adjustment. Homocysteine levels were
uniformly lower in E and EP users compared with non-users.

Table |: Baseline characteristics of the study population ac-
cording to postmenopausal hormone therapy use.

Characteristic Non-Users | Estrogen | Estrogen plus
(n=386, Alone Progestin
63.5%) (n=146, (n=76, 12.5%)
24.0%)

Mean age, years (SD) 69.9 (6.1) 68.6 (7.2)1 | 65.6 (6.6)§
Mean body-mass index , kg/m? (SD) 280 (5.7) 262 (49)f | 258 (4.6)f
Race, %

African American 70 5.5 4.0

Hispanic 1.6 21 1.3

Non-Hispanic White 86.8 85.6 89.5

Asian/Pacific Islander 2.1 48 4.0

American Indian/Alaskan - Native 0.5 1.4 0.0

Other 21 0.7 13
History of hypertension, % 472 48.0 35.5
History of high cholesterol requiring treatment, % | 16.8 12.3 92
History of diabetes, % 9.8 34t 261
Family history of premature coronary disease, %

No 74.1 740 790

Yes 19.7 219 17.1

Unknown 6.2 4.1 40
Smoking status, %

Never 51.8 46.6 447

Past 39.4 445 46.1

Current 88 89 9.2
Frequency of strenuous recreational physical
activity, %

None 79.6 70.8 733

1-2 episodes per week 9.1 12.5 8.0

3 episodes per week 6.7 125 12.0

4 episodes per week 46 42 6.7
Alcohol consumption, %

Nondrinker or past drinker 35.8 26.9 18.4

< | per month 12.7 16.6 14.5

< | per week 16.6 20.0 18.4

1-6 per week 223 21.4 303

7 per week 12.7 152 18.4
Self-Reported History of RA or SLE 49 9.61 79
Self Reported History of Any Arthritis 57.4 572 56.6
Baseline Use of Anti-Inflammatory Medications
and Statins:

Use of NSAIDs 19.7 212 237

Use of Corticosteroids 1.6 5.5¢ 1.3

Use of COX-2 Inhibitors 0 0 0

Statins 86 82 53
History of Hysterectomy, % 317 93.2§ 4.0§
Median duration of Current Regimen

Use, years NA 16.5% 6.0¥
Estrogen plus Progestin Regimen, % (n)

Ineffective 1.3 (1)

Continuous NA NA 67.1 (51)

Cyclic 263 (20)

Unknown 534
Case:Control Composition, %

Cases 54.4 42.5¢ 211

Controls 45.6 57.5 57.9
* Missing Data: Body Mass Index 6; Physical Activity 16; Alcohol Consumption |, History of Hyste-
rectomy |.
P-values are for comparisons between each subgroup of users versus non-users. 1 p<0.05,
p<0.01, } p<0.005, § p<0.001. ¥ p < 0.001 versus each other.
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Table 2: Spearman correlation coefficients of inflammatory and haemostatic markers for coronary heart disease.

CRP IL-6 SICAM-| TPA-antigen | D-dimer HCY TC LDL HDL TG
CRP 052§ 0.14§ 0.19§ 0.28§ 0.06 0.05 0.02 020§ 032§
IL-6 0.24§ 0.36§ 032§ 0.22§ 0.00 0.03 -0.30§ 0.22§
SICAM-| 0.19§ 0.08¢ 0.1% 0.06 0.07 ~0.17§ 0.10
TPA-antigen 0.094 0.19 0.03 0.094 -0.33§ 0.20§
D-dimer 0.17§ 0.02 001 0,05 005
HCY 001 0.07 007 0,05
TC 0.74§ 0.06 032§
LDL -0.22§ 0.17§
HDL 047§
TG

1 p<0.05, $ p<0.01, § p<0.001

CRP = C-reactive protein; TC =Total cholesterol; IL-6 = Interleukin-6; LDL = Low density lipoprotein cholesterol; HCY = Homocysteine; HDL = High density lipoprotein cholesterol; ssCAM-1 = Soluble inter-
cellular adhesion molecule type;-I; TG = Triglycerides, TPA-antigen = Tissue plasminogen activator-antigen

Table 3: Median and geometric mean baseline values of biomarkers according to postmenopausal hormone therapy use.

Characteristic

Non-Users
(n=386, 63.5%)

E
(n=146, 24.0%)

EP
(n=76, 12.5%)

C-reactive protein (mg/dl)
Median (IQR)

023 (0.10-052)

039 (0.20 - 0.74)

029 (0.12-0.54)

Adjusted Geometric Mean' (SE) 0.22 (0.01) 0.38 (0.03) § 0.27 (0.03)

Adjusted Geometric Mean? (SE) 0.21 (0.01) 0.38 (0.04) § 0.33(0.04) §
Interleukin-6 (pg/ml)

Median (IQR) 1.75 (121 -247) 1.60 (1.17 - 2.62) 144 (0.94-2.04)

Adjusted Geometric Mean' (SE) 1.80 (0.06) 1.81 (0.09) 1.54(0.11) t

Adjusted Geometric Mean? (SE) 1.75 (0.05) 1.82 (0.10) 1.74 (0.12)

sICAM-1 (ng/ml)
Median (IQR)

276.2 (2432 - 320.6)

274.7 (242.7 - 320.6)

249.7 (222.6 - 292.0)

Adjusted Geometric Mean' (SE) 2782 (4.0) 283.1 (6.6) 256.9 (8.3) t

Adjusted Geometric Mean? (SE) 277.0 (4.2) 286.8 (8.0) 2613 (9.1)
Tissue Plasminogen Activator (ng/ml)

Median (IQR) 9.0 (6.3-12.5) 6.7 (44-89) 70(42-99)

Adjusted Geometric Mean' (SE) 8.5 (0.24) 6.4(0.29) § 6.7 (0.43) §

Adjusted Geometric Mean? (SE) 8.4(0.23) 6.4(0.33)§ 7.4 (0.48)
D-dimer (ng/ml)

Median (IQR) 248 (15.5-428) 25.8 (16.1 - 45.3) 25.7 (14.9 - 46.3)

Adjusted Geometric Mean' (SE) 255 (1.1) 264 (1.9) 249 (2.5)

Adjusted Geometric Mean? (SE) 244 (1.1) 27.5(23) 27.9 (3.0)
Homocysteine (uM)
Median (IQR) 84 (6.8-102) 75(63-89) 73 (6.4-86)
Adjusted Geometric Mean' (SE) 8.6 (0.14) 7.6 (0.20) § 7.6 (0.28) t
Adjusted Geometric Mean? (SE) 8.5 (0.14) 78(0.24) t 7.8 (0.31)

Total Cholesterol (mg/dL)
Median (IQR)

223.9 (200.9 - 250.5)

222.6 (193.6 - 246.8)

227.5 (204.5 - 249.3)

Adjusted Geometric Mean' (SE) 223.0(1.9) 220.1 (3.1) 2242 (44)

Adjusted Geometric Mean? (SE) 223.4(2.0) 218.0 (3.6) 227.5 (4.7)
LDL Cholesterol (mg/dL)

Median (IQR) 1288 (111.1 - 149.3) 113.0 (98.3 - 139.3) 125.6 (108.6 — 146.2)
Adjusted Geometric Mean' (SE) 1259 (1.7) 1142 (2.6) § 123.8 (3.9)

Adjusted Geometric Mean? (SE) 126.1 (1.8) 112.8 (3.0) § 126.1 (4.2)

HDL Cholesterol (mg/dL)
Median (IQR)

55.7 (46.7 - 68.5)

66.5 (53.4-769)

602 (53.1-733)

Adjusted Geometric Mean' (SE) 56.7 (0.7) 63.7 (1.4)§ 61.9(1.9) t

Adjusted Geometric Mean? (SE) 57.1(0.8) 62.7 (1.5) £ 61.4(1.9) t
Triglycerides (mg/dL)

Median (IQR) 136.5 (94.9 - 188.5) 169.0 (126.1 -213.2) 145.6 (113.8 -209.3)

Adjusted Geometric Mean' (SE) 136.8 (3.4) 166.1 (6.7) § 149.7 (8.3)

Adjusted Geometric Mean? (SE) 1352 (3.4) 166.1 (7.7) § 1593 (9.2) ¢

HT — Hormone Therapy; E — estrogen alone; EP — estrogen plus progestin.
P-values are shown for comparisons between subgroups of users versus non-users: 1 p<0.05, § p<0.01,  p<0.005, §p<0.001

(1) Adjusted for case status.(2) Adjusted for age, body-mass index, diabetes, history of hysterectomy, and case status.
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tPA-antigen was lowest in E users, and this level was signifi-
cantly different from non-users. IL-6 and sSICAM-1 were lower

in users of EP, but not E, compared to non-users; but these differ-

ences were eliminated by adjustment in multivariate models.

but not EP, compared with non-users. Total cholesterol did not
differ between groups.
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Risk marker levels by PHT use category and case-con-
trol status

We performed exploratory analyses of the interactions between
these biomarkers at baseline, the form of PHT use, and case-con-

D-dimer levels did not differ between PHT users and non-users.
HDL and triglycerides were higher in PHT users with the stron-
gest association in users of E alone. LDL was lower in users of E,
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trol status following 2.9 years of follow-up using general linear
models (Fig. 1). The numbers of cases and controls among non-
PHT users, E users and EP users were, respectively, 210 and 176,
62 and 84, and 32 and 44. Interactions were present for D-dimer
and HDL cholesterol. D-dimer levels were higher in cases than
controls among non-users and users of EP, but did not differ in E
users. The HDL interaction was related to a strong case-control
difference in users of E with no difference in the other two use
categories. tPA-antigen was higher in women who had an inci-
dent CHD event in all three PHT use categories. Cases who used
EP also had significantly higher pre-event levels of CRP, IL-6,
total cholesterol and triglycerides than women who also took EP
but did not have a CHD event. In users of E, HDL was signifi-
cantly lower and LDL higher in cases than controls; these lipids
did not differ by case-control status in non-users or users of EP.
There were significant case-control differences in CRP levels
among non-users and users of EP. Among E users there was no
difference in CRP level between cases and controls (p = 0.50).
Homocysteine was significantly associated with CHD events
only in non-users.

Risk marker levels by sub-type of PHT used
Approximately 75 percent of participants on PHT (168 of 222)
used oral conjugated equine estrogen (CEE) in either E or EP
regimens. Of these, 119 women took E and 49 took EP. Another
41 women (18%) used a different oral estrogen, mainly 17-3 es-
tradiol; of these 23 used E and 18 used EP. Eight women used
transdermal estrogen.

Use of oral CEE alone or in combination was associated with
the highest levels of CRP. An apparent lower level in users of
CEE with a progestin compared to users of CEE alone was elim-
inated by adjustment for the other factors that differed between
groups including age, BMI, diabetes, use of steroid medications
and hysterectomy status. In fully adjusted models, CRP levels
were significantly greater in users of any CEE regimen than in
non-users (p <0.001), while levels in users of non-CEE regimens
did not differ from those in women who did not take PHT. Users
of transdermal estrogen had CRP levels similar to non-users, and
lower than uses of any other form of PHT (all p<0.04). Levels of
SICAM-1 were lower in women who used CEE plus a proges-
togen compared with users of CEE alone (p =0.03). tPA-antigen
levels were lower in women who used CEE alone (p <0.001) or
in a combination regimen (p = 0.04) compared with non-users.
D-dimer levels were significantly lower in users of transdermal
estrogen compared with non-users and users of all other treat-
ments. Homocysteine was lower only in users of CEE alone com-
pared with non-users (p = 0.01).

Discussion

In this cross-sectional study, CRP, tPA-antigen and homocys-
teine levels differed in users of PHT compared with women who
did not take PHT. CRP was increased in women on PHT, while
tPA-antigen and homocysteine levels were lower in PHT users
than in non-users. Lipid levels also differed for HDL and trig-
lycerides, which were higher, and LDL which was lower, in PHT
users. Some associations differed in users of EP compared to E

alone, and in users of CEE compared with other estrogens. Ex-
ploratory analyses suggested case-control differences in some
risk factors that were not evident in comparisons by PHT use cat-
egory.

CRP levels were higher in women who took CEE compared
to women who used other estrogens and non-users. Elevations of
CRP associated with PHT use have been demonstrated in two
other cohorts. Cushman et al. (29) found that this effect was
modified by BMI such that CRP was higher with increasing BMI
in EP users, but there was no interaction between BMI and CRP
for users of E. The disappearance of a progestin-associated dif-
ference in CRP levels among users of CEE alone with adjust-
ment for factors including BMI in our study is consistent with
this. In the second cohort, baseline CRP levels in women without
known disease were associated with subsequent cardiovascular
events (31, 36), but an interaction between PHT use, CRP and
cardiovascular events was not assessed. We found a positive as-
sociation between CRP level and case status in both non-users
and users of PHT in analyses that were adjusted for BMI, age,
diabetes and hysterectomy. In our population CRP levels were
higher in women who used CEE than in those taking other for-
mulations, yet there was no case-control difference in CRP
among women taking CEE. A small clinical trial of oral estradiol
demonstrated an increase in CRP (37), while a brief clinical trial
in 19 women suggested that this CRP increase may not occur
with transdermal estradiol (38). Our findings for transdermal es-
trogen are consistent with the latter. The possibility that CEE and
non-CEE PHT differ in the degree of CRP elevation is interest-
ing and warrants further investigation given the possibility that
CRP may predict coronary events (13, 36).

Other studies have shown both lower (28) and higher (39) le-
vels of IL-6 in PHT users. There was no significant difference
between PHT users and non-users in the present study. However,
there was a significant case-control difference in IL-6 restricted
to women taking EP. The lack of overall difference in IL-6 is also
interesting in light of the differences found in CRP since IL-6
regulates CRP production. This observation suggests that CRP
levels are influenced by other factors, some perhaps mediated by
specific components of PHT.

We found no overall difference in D-dimer levels by PHT use
category. Relatively brief clinical trials of PHT have found in-
creased D-dimer levels (40-43), while studies in long-term users
have generally not found differences or suggested a decline (25,
30). Our study reflects long-term use and is concordant with the
latter. However, despite the overall lack of difference in D-dimer
levels between PHT users and non-users in the present study,
higher levels of D-dimer were associated with case status both in
women who used EP and in non-users.

Short-term clinical trials of PHT have demonstrated reduced
levels of SICAM-1 (44, 45). In the present study there were no
overall differences between PHT use groups in levels of
SICAM-1 although levels were low in women who used CEE
with P. A categorical difference was masked by much higher le-
vels in users of non-CEE with P. The reason for this discrepancy
is not clear.

The accurate assessment of tPA and PAI-1 activity requires
the use of non-standard anticoagulants in the collection process,
broad-based epidemiologic studies like ours are unable to com-
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prehensively evaluate these issues. Therefore we measured tPA-
antigen as the closest surrogate. Population studies and clinical
trials have demonstrated lower tPA-antigen levels in PHT users
(23, 46, 47). We also found lower tPA-antigen levels in women
taking PHT than in non-users, with no difference between users
of E and EP. However, there was a significant case-control differ-
ence in tPA-antigen in both categories of PHT use which was
supported by a non-significant test for interaction by PHT type.

Several clinical trials have shown that PHT reduces circu-
lating homocysteine (33, 48, 49) although one suggested that this
benefit declines with time and may be stronger with E than EP
(32). Ourresults in long-term users suggest that this difference is
similar in both subgroups of PHT and that it is sustained. Among
non-users of PHT, homocysteine was significantly higher in
cases than controls, and the trend was similar in the other two
groups.

Our findings for lipid fractions largely mirror those of clini-
cal trials that have evaluated CEE-based PHT including the PEPI
trial which included CEE alone and three different CEE plus P
groups (6). In PEPIL, PHT increased HDL and triglycerides and
decreased LDL but the HDL effect was smaller for CEE plus
MPA than for CEE alone or CEE with micronized progesterone.
Our findings differ from PEPI in that EP was not associated with
lower LDL in the present analysis, although E was. This may be
due to the relatively small number of women in the EP use group.
As expected, cases had higher LDL levels in all PHT use groups
but this effect was only significant in users of E. Higher HDL
was associated with control status (no incident CHD) only in
users of E. Both E and EP were associated with higher triglyce-
ride levels and higher levels predicted case status in EP with a
similar but non-significant trend in E users.

These results suggest that the progestin may modify some es-
trogen effects on inflammatory and haemostatic pathways.
Taken together with other evidence that progestins negatively in-
fluence endothelial function (50) and classical risk factors such
as lipids and glucose (7) these findings suggest a need for addi-
tional study of the role of progestins in the CHD risks found in re-
cent clinical trials (1, 2) that were not confirmed with CEE-alone

References

(3). The limited use of progestogens other than MPA in this popu-
lation precludes the evaluation of differences between com-
pounds on these pathways. Differences between progestogen
compounds have been shown for some metabolic risk factors (7),
so this possibility warrants evaluation.

Conclusion

Differences between PHT users and non-users were unfavorable
for CRP and triglycerides, and favorable for tPA-antigen, homo-
cysteine and HDL. Levels of IL-6, sSICAM-1, D-dimer, total cho-
lesterol and LDL were not different. The finding of substantially
lower levels of SICAM-1 only in users of CEE with P is surpris-
ing, especially since levels were much higher in users of CEE
alone, and users of non-CEE EP.

Exploratory analyses suggested that there were significant
differences between cases and controls that did not conform to
the relationships across PHT categories. Among EP users, 6 of
the 10 markers differed by case-control status (inflammatory
markers CRP and IL-6, thrombotic markers tPA-antigen and
D-dimer, and lipid fractions total cholesterol and triglycerides),
while for women who used E only 3 of the 10 markers differed
between cases and controls (coagulation factor tPA-antigen, and
lipid fractions HDL and LDL). It is intriguing that only one of the
10 factors, tPA-antigen, had the same case-control association
for both E and EP. These case-control differences suggest that the
pathways underlying CHD risk may not be the same for E and EP.
This is consistent with recent clinical trial results showing no
CHD harm for CEE-alone in contrast with the increased hazard
found for EP. Since our data on pathways came from a non-ex-
perimental study we cannot infer causality. These and related
markers should be explored in appropriate randomized trials.

Acknowledgements

Supported by grants from the National Heart, Lung, and Blood Institute
(HL 63293 and HL 07575) and pursuant to contracts No. NO1-WH-3-2109
and NO1-WH-3-2120 with the National Heart, Lung, and Blood Institute,
Department of Health and Human Services.

1. Writing Group for the Women's Health Initiative.
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: 321-33.

2. Hulley S, Grady D, Bush T et al. Randomized trial
of estrogen plus progestin for secondary prevention of
coronary heart disease in postmenopausal women.
Heart and Estrogen/Progestin Replacement Study
(HERS) Research Group. JAMA 1998; 280: 605—13.
3. Effects of conjugated equine estrogen in postmeno-
pausal women with hysterectomy: The Women’s Health
Initiative Steering Committee. JAMA 2004; 291:
1701-12.

4. Herrington DM, Reboussin DM, Brosnihan KB et
al. Effects of estrogen replacement on the progression
of coronary-artery atherosclerosis. N Engl J Med 2000;
343: 522-9.

5. Hodis HN, Mack WJ, Azen SP et al. Women's Es-
trogen-Progestin Lipid-Lowering Hormone Atheros-
clerosis Regression Trial Research Group. Hormone
therapy and the progression of coronary-artery atheros-

clerosis in postmenopausal women. N Engl J Med
2003; 349: 535-45.

6. Waters DD, Alderman EL, Hsia J et al. Effects of
hormone replacement therapy and antioxidant vitamin
supplements on coronary atherosclerosis in postmeno-
pausal women: a randomized controlled trial. JAMA
2002; 288: 2432-40.

7. The PEPI Investigators. Effects of estrogen or es-
trogen/progestin regimens on heart disease risk factors
in postmenopausal women. JAMA 1995; 273:
199-208.

8. Kannel WB. Metabolic risk factors for coronary
heart disease in women: perspective from the Framing-
ham Study. Am Heart J 1987; 114: 413-9.

9. Gordon DJ, Probstfield JL, Garrison RJ et al. High-
density lipoprotein cholesterol and cardiovascular dis-
ease. Four prospective American studies. Circulation
1989; 79: 8-15.

10. Castelli WP, Garrison RJ, Wilson PW et al. Inci-
dence of coronary heart disease and lipoprotein choles-
terol levels. The Framingham Study. JAMA 1986; 256:
2835-8.

11. National Institutes of Health, National Heart, Lung,
and Blood Institute. Women’s Health Initiative. Avail-
able at: www.nhlbi.nih.gov/whi/HT-en.htm.

12. Manson JE, Hsia J, Johnson KC et al. Women's
Health Initiative Investigators. Estrogen plus progestin
and the risk of coronary heart disease. N Engl J Med
2003; 349: 523-34.

13. Ridker PM, Hennekens CH, Buring JE et al.
C-reactive protein and other markers of inflammation
in the prediction of cardiovascular disease in women. N
Engl J Med 2000; 342: 836—43.

14. Meilahn EN, Kuller LH, Matthews KA et al. Hae-
mostatic factors according to menopausal status and
use of hormone replacement therapy. Ann Epidemiol
1992; 2: 445-55.

15. Nabulsi A, Folsom AR, White A. Association of
hormone replacement therapy with various cardiov-
ascular risk factors in postmenopausal women. N Eng J
Med 1993; 328: 1069-75.

16. Scarabin PY, Plu-Bureau G, Bara L et al. Haemos-
tatic variables and menopausal status: influence of hor-

Downloaded by: University of California - San Diego. Copyrighted material.



Langer et al.: Associations between PHT and biomarkers of CHD

mone replacement therapy. Thromb Haemost 1993; 70:
584-7.

17. Vaughan DE, Rouleau JL, Ridker PM et al. Effects
of ramipril on plasma fibrinolytic balance in patients
with acute anterior myocardial infarction. HEART
Study Investigators. Circulation 1997; 96: 442-7.

18. Wright RA, Flapan AD, Alberti KG et al. Effects of
captopril therapy on endogenous fibrinolysis in men
with recent, uncomplicated myocardial infarction. J
Am Coll Cardiol 1994; 24: 67-73.

19. van Baal WM, Emeis JJ, van der Mooren MJ et al.
Impaired procoagulant-anticoagulant balance during
hormone replacement therapy? A randomised, place-
bo-controlled 12-week study. Thromb Haemost 2000;
83:29-34.

20. Scarabin PY, Alhenc-Gelas M, Plu-Bureau G et al.
Effects of oral and transdermal estrogen/progesterone
regimens on blood coagulation and fibrinolysis in post-
menopausal women. A randomized controlled trial. Ar-
terioscler Thromb Vasc Biol 1997; 17: 3071-8.

21. Caine YG, Bauer KA, Barzegar S et al. Coagulation
activation following estrogen administration to post-
menopausal women. Thromb Haemost 1992; 68:
392-5.

22. de Valk-de Roo GW, Stehouwer CD, Meijer P et al.
Both raloxifene and estrogen reduce major cardiov-
ascular risk factors in healthy postmenopausal women:
A 2-year, placebo-controlled study. Arterioscler
Thromb Vasc Biol 1999; 19: 2993-3000.

23. Kroon UB, Silfverstolpe G, Tengborn L. The effects
of transdermal estradiol and oral conjugated estrogens
on haemostasis variables. Thromb Haemost 1994; 71:
420-3.

24. Saleh AA, Dorey LG, Dombrowski MP et al.
Thrombosis and hormone replacement therapy in post-
menopausal women. Am J Obstet Gynecol 1993; 169:
1554-7.

25. Shahar E, Folsom AR, Salomaa VV et al. Relation
of hormone-replacement therapy to measures of plas-
ma fibrinolytic activity. Atherosclerosis Risk in Com-
munities (ARIC) Study Investigators. Circulation
1996; 93: 1970-5.

26. Koh KK, Mincemoyer R, Bui MN et al. Effects of
hormone-replacement therapy on fibrinolysis in post-
menopausal women. N Engl ] Med 1997; 336: 683-90.
27. Walsh BW, Paul S, Wild RA et al. The effects of
hormone replacement therapy and raloxifene on
C-reactive protein and homocysteine in healthy post-
menopausal women: a randomized, controlled trial. J
Clin Endocrinol Metab 2000; 85: 214-8.

28. Straub RH, Hense HW, Andus T et al. Hormone re-
placement therapy and interrelation between serum in-

terleukin-6 and body mass index in postmenopausal
women: a population-based study [see comments]. J
Clin Endocrinol Metab 2000; 85: 1340-4.

29. Cushman M, Legault C, Barrett-Connor E et al. Ef-
fect of postmenopausal hormones on inflammation-
sensitive proteins: the Postmenopausal Estrogen/Pro-
gestin Interventions (PEPI) Study. Circulation 1999;
100: 717-22.

30. Cushman M, Meilahn EN, Psaty BM et al. Hor-
mone replacement therapy, inflammation, and hemos-
tasis in elderly women. Arterioscler Thromb Vasc Biol
1999; 19: 893-9.

31. Ridker PM, Hennekens CH, Rifai N et al. Hormone
replacement therapy and increased plasma concen-
tration of C-reactive protein. Circulation 1999; 100:
713-6.

32. Barnabei VM, Phillips TM, Hsia J. Plasma homo-
cysteine in women taking hormone replacement ther-
apy: the Postmenopausal Estrogen/Progestin Interven-
tions (PEPI) Trial. ] Women’s Health Gend Based Med
1999; 8: 1167-72.

33. van Baal WM, Smolders RG, van der Mooren MJ et
al. Hormone replacement therapy and plasma homo-
cysteine levels. Obstet Gynecol 1999; 94: 485-91.

34. Berger PB, Herrmann RR, Dumesic DA. The effect
of estrogen replacement therapy on total plasma homo-
cysteine in healthy postmenopausal women. Mayo Clin
Proc 2000; 75: 18-23.

35. Design of the Women's Health Initiative clinical
trial and observational study. The Women's Health
Initiative Study Group. Control Clin Trials 1998; 19:
61-109.

36. Ridker PM, Buring JE, Shih J et al. Prospective
study of C-reactive protein and the risk of future car-
diovascular events among apparently healthy women.
Circulation 1998; 98: 731-3.

37. van Baal WM, Kenemans P, van der Mooren MJ et
al. Increased C-reactive protein levels during short-
term hormone replacement therapy in healthy post-
menopausal women. Thromb Haemost 1999; 81:
925-8.

38. Kvasnicka J Jr, Zivny J. Changes in serum levels of
C-reactive protein and the soluble adhesion molecules,
sE-selectin and SICAM-1, after transdermal 17-beta es-
tradiol replacement. Ceska Gynekol 2001; 66: 161-5.
39. Herrington DM, Brosnihan KB, Pusser BE et al.
Differential effects of E and droloxifene on C-reactive
protein and other markers of inflammation in healthy
postmenopausal women. J Clin Endocrinol Metab
2001; 86: 4216-22.

40. Vehkavaara S, Silveira A, Hakala-Ala-Pietila T et
al. Effects of oral and transdermal estrogen replace-

ment therapy on markers of coagulation, fibrinolysis,
inflammation and serum lipids and lipoproteins in
postmenopausal women. Thromb Haemost 2001; 85:
619-25.

41. Hoibraaten E, Qvigstad E, Andersen TO et al. The
effects of hormone replacement therapy (HT) on hae-
mostatic variables in women with previous venous
thromboembolism--results from a randomized, double-
blind, clinical trial. Thromb Haemost 2001; 85:
775-81.

42. Teede HJ, McGrath BP, Smolich JJ et al. Postmeno-
pausal hormone replacement therapy increases coagu-
lation activity and fibrinolysis. Arterioscler Thromb
Vasc Biol 2000; 20: 1404-9.

43. Koh KK, Mincemoyer R, Minh NB et al. Effects of
hormone replacement therapy on fibrinolysis in post-
menopausal women. N Engl ] Med 1997;336: 683-90.
44. Van Baal WM, Emeis JJ, Kenemans P et al. Short-
term hormone replacement therapy: reduced plasma le-
vels of soluble adhesion molecules. Eur J Clin Invest
1999 ;29: 913-21.

45. Scarabin PY, Vissac AM, Kirzin JM et al. Elevated
plasma fibrinogen and increased fibrin turnover among
healthy women who both smoke and use low-dose oral
contraceptives--a preliminary report. Thromb Haemost
1999; 82: 1112-6.

46. Lip GY, Blann AD, Jones AF et al. Effects of hor-
mone-replacement therapy on haemostatic factors,
lipid factors, and endothelial function in women under-
going surgical menopause: implications for prevention
of atherosclerosis. Am Heart J 1997; 134: 764-71.

47. Andersen LF, Gram J, Skouby SO et al. Effects of
hormone replacement therapy on haemostatic cardiov-
ascular risk factors. Am J Obstet Gynecol 1999; 180:
283-9.

48. Hak AE, Bak AA, Lindemans J et al. The effect of
hormone replacement therapy on serum homocysteine
levels in perimenopausal women: a randomized con-
trolled trial. Atherosclerosis 2001; 158: 437-43.

49. Ventura P, Cagnacci A, Malmusi S et al. Continuous
combined hormone replacement therapy with oral
17beta-estradiol and norethisterone acetate improves
homocysteine metabolism in postmenopausal women.
Menopause 2001; 8: 252-8.

50. Miyagawa K, Rosch J, Stanczyk F et al. Medroxy-
progesterone interferes with ovarian steroid protection
against coronary vasospasm. Nat Med 1997; 3: 324-7.

Downloaded by: University of California - San Diego. Copyrighted material.





