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Postmenopausal women receiving estrogen replacement therapy (EAT) are not as prone to 
inappropriate venous and arte;ial th;ombosis as aia younga; women taking oral c-ontiaceptives. To 
establish whether menopausal status per se has any effect on the coagulation-fibrinolytic system 
normal premenopausal women (mean age 29 years) were compared with younger (mean age 32) 
and older (mean age 51) surgically menopausal women and a group of naturally postmenopausal 
women (mean age 53). The results show that in postmenopausal women, irrespective of age or 
type, the shift is away from clot fonnation and toward clot inhibition and fibrinolysis as detennined 
by static in vitro analysis. This was characterized by statistically significant increases in antithrombin 
Ill antigen, a,-antitrypsin antigen, and plasminogen activity. These changes may help to explain in 
part why EAT does not appear to cause increased thrombosis in older women. (AM. J. 0BSTET. 

GYNECOL. 141:149. 1981.) 

ELDERLY woMEN are thought to be at higher risk of 
thromboembolic disease than younger women. 1 Be­
cause changes in the blood procoagulants and inhibi­
tors may cause or contribute to this, the effect of ad­
vancing age on coagulation has been studied. Some 
investigators have found that platelet adhesion and 
aggregation increase with age, suggesting a tendency 
toward thrombus formation. 1 Measurements have also 
been made of the clotting factors in the coagulation 
system. Most consistently, factors V, VII, XI, and XII 
and fibrinogen have been reported to increase, where­
as other factors are variable. 2

- 5 Fibrinolytic activity has 
been shown to decrease with age but has also been re-
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ported to be unchanged or increased in other stud­
ies.4-6 These changes may suggest a shift in the proco­
agulant-inhibitor balance toward thrombus formation; 
however, these static laboratory changes may represent 
epiphonomena having little to do with the basic aging 
process. 7 

The predispositi(m to thrombosis and changes in 
coagulation seen in aging women may be the result of 
the aging process in general or may stem from changes 
brought about by the altered hormonal status of post­
menopausal women. Studies in aged populations do not 
distinguish between these two effects. The hormonal mi­
lieu of premenopausal women is felt by some to provide 
protection against vascular disease.' Women who un­
dergo premature menopause, either surgically or nat­
urally, may be at increased risk of arteriovenous throm­
boembolic disease. 9 -

11 Others have noted that estrogen 
repiacement does not appear to increase thromboem­
bolic phenomena in the menopausal group. 12 Meno­
pause therefore may aiter thrombogenic tendencies in­
dependent of age. In our study we look at the separate 
effects of menopause and aging on coaguiation. 

Materia! and methods 

Group selection and composition. Four groups of 
women were compared. The first group was composed 
of premenopausal women from the University of 
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Table I. Hemostatic determinants in premenopausal and postmenopausal women 

Premenopausal women 13 29 
Mean 
SD 

Surgical menopause <40 23 32 
Mean 
SD 

Surgical menopause >40 15 51 
Mean 
SD 

Natural menopause 18 53 
Mean 
SD 

P values for significant 
variance 

*Normal range 150,000 to 450,000/mm3
• 

t < 1.5 Subject/control. 
fNormal range 200 to 450 mgidl. 
§Normal range 150 to 45 mg/dl. 

250,000 
±68,000 

251,000 
±75,000 

273,000 
±80,000 

286.000 
65.000 
1\iS 

Florida Women's. Outpatient Clinic. The mean age for 
he group was 29 years (range 24 to 39 years). None of 
hese women were receiving hormone preparations: all 
'lad nonmedicated intrauterine devices (IIJDs) in place 
l'or c.:ontraception. Subjects were screened t!lr majo1 
;>roblems, heart disease, obesity. hypertension, and 
:last thromboembolic disease. 

The remaining three groups were selected from 'ol­
cmteers who were participants in the Menopause Clini< 

Jt the University of Florida Center for Climactcril 
~tudies. One group was composed of women under tiK 

-~.ge of 40 years who had undergone surgical meno­
pause more than ~ months previous to the study. The 
mean age for this group was ~)2 years (range 19 to ~~~ 

years). A second group was made up of surgicall) 
menopausal women over the age of ·W vears. The 
mean age for this group was 51 years (range -·B to 6-4 
years). The final group was composed of women who 

had signs and sympwms of natural menopause. Tht· 
mean age for this group was 53 years (range 4K to 60 
years). Plasma follicle-stimulating hormone, luteinizing 
hormone, estrone, and estradiol levels were conhnna­
ton' of postmenopausal status for all three group~. 
None of the women were re£:eiving hormone prepara­
tions at the time of the study, therapv having been 
suspended at least 4 weeks before start of the stud\. All 
were given a screening history and physical examina­
tion to rule out serious medkal problems, heart dis­
ease, hypertension, obesity, and past thromboemholic 
disease 

Blood samples were obtained at 9:00AM from a care­
fully done venipuncture. Platelets were enumerated b\ 
a Coulter Counter B (Hialeah, Florida) from ethylene­
diaminetetraacetic acid (EDTA)-anticoagulated blood 

-----
Fibrinogen. 
dtJttable§ 

0.96 ]~5 lOll 260.5, 3()0.411 
±0.1 I :tO.~ l ::!:11.61 ± [1)1' "c5l< 

0.97 126 0.89 3!0.5# 362.l 
±0.06 ±0.{)6 '!::0.17 -!::69 -+:10[ 

0.95 Uti 0.84 346.0# :174.8 
::::0.09 1:0.!4 ±0.17 ±63 ct50 

0.96 LOOII 0.82 362.0# 413.7 
±0.13 ±0.11 ±0.13 ±77 ::t73 

!\S <0.0002 <0.0005 <0.1:)1 <0.003 

IISig_nificantly differem from other 1neans iq c"()luwn. 
~Mean of premenopausal group differs significant!}· with 

natural menopause and >40 surgical group. 
#No significant differences between the means. 

The remaining studies were performed on platelet­
free plasma obtained from centrifugation of9 ml blood 
mixed \\·ith l m[ of 3.8% sodium citrate solution. The 
prothrombin time (PT), activated partial thromboplas­
tin time (PT[), and thrombin time· iTT) were done b,v 
routine methods. Clottable hbrinogen was estimated by 
the Claus method 1:1: librinogen antigen was deter· 
mined bv radial immunodiffusion using plates pur­
t:hased from Calbiochem (Sim Diego, California); 
<tntigenic len· Is of antithrombin III, plasminogen, az· 

manoglobulill, and a 1-antitrypsin were similarly de­
termined. Antithrombin I I l and plasmino~en activity 
were determined by lluorometric assa:ys !Protopath, 
American Dade, Miami, Florida). Fibrin degradation 
products \\'tTe assayed by the method of Merskev- 14 

The within- and between-assay variables were all withi~l 
the reponed values. 'I he variations for Protopath for 
antithrombin Ill is Yi, and tor plasminogen :"6(:,. All 
tests were performed bv a technician ;L C.) ~maware of 
tht> exact nature of the stud;. 

Statistical analysis. Analysis of \arianc<~ and Dun­
cau's multipk range tests were performed for all \ari· 
ables. Means are reported as signihcant if p < 0.05. 

Results 

By comparing the premenopausal grnup-and· the 
young surgically menopausal group. the differences at­
tributable to hormonal status can be asse~sed; <.md by 
comparing the young menopausal \vith the older 
menopausal group, the effects of duonologiealageare 
apparent (rabies l and I!). 

No significant difference bet~een the mean!> was 
found for the following variab~: platelet count, PT, 
antithrombin III activity, f1brin rlegradation produt.::ts. 
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Table II. Anticoagulation and fibrinolytic factors in premenopausal and postmenopausal women 

No. of Mean 
patients age (yr) 

Premenopausal 13 29 
women 
Mean 
SD 

Surgical meno- 23 32 
pause <40 
Mean 
SD 

Surgical meno- 15 51 
pause >40 
Mean 
SD 

Natural menopause 18 53 
Mean 
SD 

P values for signifi-
cant variance 

*Normal range 22 to 39 mg/dl. 
tNormal range 80% to 120%. 
tNormal s:1:4 titer. 
§Normal range 175 to 450 mg/dl. 
II Normal range 200 to 400 mg/dl. 
1!Normal 3.1 ± 0.7 CTA/ml. 

A~tithrombin III 

Antigen * I Activity t 

27.2** 102.7 
±7.4 ±12.0 

32.6 114.6 
±5.3 :!: 11.3 

32.4 113.4 
±4.7 ±15.8 

32.1 109.6 
±7.8 ±15.7 

<0.03 NS 

plasminogen antigen levels. and a:2 macroglobulin anti­
gen levels. 

A common pattern of variance was found for TT, 
dottable fibrinogen and fibrinogen antigen levels, an­
tithrombin III antigens, and plasminogen activity. The 
mean values of the premenopausal women differed 
significantly from those of the postmenopausal women, 
but there was no difference between the three post­
menopausal groups. The respective factors and de­
grees of significance were: fibrinogen antigen (p < 
0.01), fibrinogen activity (p < 0.003), antithrombin III 
antigen (p < 0.02), and plasminogen activity (p < 
0.03). All increased with menopausal status. TT (p < 
0.0005) decreased in the postmenopausal women. 

PTT was significantly decreased in the naturally 
menopausal group (p < 0.0002), but there were no 
significant differences between the other groups. 

The variance pattern of a 1-antitrypsin activity was less 
clearly defined, with the premenopausal group having 
significantly lower values (p < 0.008) when compared 
with the two surgical groups but not with respect to the 
naturally menopausal group. The two surgical groups 
did not vary with respect to each other, and there was no 
significant difference between the older surgical group 
and the naturally menopausal group. 

Comment 

In our study several static and dynamic parameters 
of hemostasis were measured. These can be divided 

Fibrin 
degradation Pklsminogen 
productsi a 2-Macroglobulin a 1-A ntitrypsin 

Activity1! I Antigen# ,;;J :4 titer antigen§ antigen II 

l :2.3 239.2 209.2tt 2.9** 12.5 
±75.7 ±35.6 ±0.4 ±3.4 

l: 1.6 281.8 257.4 3.4 13.9 
±70.6 ±48.9 ±0.9 ±3.5 

1: 1.6 255.1 251.0 3.7 14.5 
±86.5 ±44.6 ±0.9 ±2.4 

I: l.l 269.5 220.0U 3.5 15.0 
±62.3 ±51.8 ±0.7 ±4.0 

NS NS <0.008 <0.03 NS 

#Normal range lO to 20 mg/dl. 
**Significantly different from other means in column. 
ttSignificantly different with means of the two surgical 

groups. 
:j::j:Mean varies significantly with respect to <40 surgical 

group. 

into factors favoring coagulation and factors opposed 
to coagulation, including inhibition and plasminogen. 
Menopausal status, independent of age, does appear to 
significantly alter both of these pathways. 

Dynamic measurements of blood coagulation include 
PT and PTT. In our study the PT was unaltered, but 
the PTT was signif1cantly decreased in naturally meno­
pausal women. The PTT for the naturally menopausal 
group was well within expected normal limits. Varia­
tion of individual coagulant factor levels and activity 
may still occur with advancing age, but it is doubtful 
that this plays a biologically important role. 7 Our study 
would therefore seem to indicate that there is no sig­
nificant change in the activity of either the intrinsic or 
extrinsic coagulation pathways with age or menopause. 

The TT, another dynamic test of blood coagulation, 
measures the conversion of fibrinogen to fibrin. Gen­
erally it reflects changes in fibrinogen levels, although it 
can be affected by circulating anticoagulants or the 
presence of fibrin degradation products. 1s In all three 
groups of postmenopausal women we found a decrease 
in TT, which correlates consistently with a rise in 
fibrinogen levels and fibrinogen activity with meno­
pause. This change with age, as has been reported be­
fore by other investigators, 3' 

4
• 

6 was not significant in 
our study. 

The antithrombin III-fibrinolytic system may be 
more important clinically in assessing prethrombotic 
tendencies, as these are the natural inhibitors of coagu-
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!arion. Indeed decreased levels of antithrombin Ill and 

plasminogen are associated with increased arterial and 

venous thrombosis. '6
-" Oral contraceptive administra­

tion has been reported to be associated with a decreast· 

in antithrombin Ill levels and an increase in throm­

boembolic phenomena. w. 20 In our studv antithrombin 

I 11 levels and activitv were hmnd to increase aftc1 

menopause, although only the change in antigen wa~ 
statistically significant. Because the decrease in anti­
thrombin I II levels with oral contraceptive use is felt to 

be an estrogen-dependent effe<·t. the increased levels ar 

menopause mav represent release from natural es­

trogenic inhibition. Two other plasma proteins having 

antithrombin activity, a 2-macroglolmlin and acami­

Lrvpsin, were found to be increased in menopausal 

women, regardless of age, when compared with pre­
menopausal women, 

To assess the plasma fibrinolytic svstem plasminogen 

activity and antigen were assayed. Plasminogen activity 

showed a signiticmt increase with menopause. Plas­

minogen antigen levels showed a similar increase. but 
this was not found to be statistically significant. This 

suggests that the postmenopausal status is associated 
with an increase in potential fibrinolytic activity. al­

though the normal hbrin degradation products show 

no evidence for increased flbrinolvsis. 
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In general our studv shvws alteration~ in posuneno­

pausal women that mav n~"ult in 'l stut! :ma; frnm dol 

!ormation and toward dot inhibitlml and !ibrinoi}si~. 
rhese change; mav help explain win· eo;tr()gcn 1 epLH c· 

ment ther<lp~ appears to be les~ bkel\ lo ( aust• in­

creased thrombosis in older wotnerL ln pn:nwnupausal 
women the effect of oral contracepti\'<'·' on increasing 
thromboembolism is e-;tablisht:d. The incidetH {'of clin­

ical symptoms has been linked to the dos(· and prepara­

tion oi estrogen used."' The lack of duornhosis associ­

ated with treatment of posrnwnnpausal women was 

previouslv thought to be due to rht· liM dos(' and "nat­

ural" estruKen preparallmH• U'<.:d lor replact:ment 

therapy. although some researcher~ believe th;ti ··natu­
ral" preparmions do alter coagulation ]Xlr;mwters ~imi­

lar to synthetic preparations. 2" h can bt• postulated 
from our n·..;uJts that the los., o! t:>ndogenous t'stroge1· 

in the postmenopausal \loman cre;1te" a shift in hemo· 

stasis regul<~rion toward librinolysi~ and dot inhibitim 

making them morv resistallt w the rhtumbogcni< 

properti(~~ of exogenous estrogen~ than prcmcno 
pausal womeu. 
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