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In 41 women with at least one pregnancy drawn from a group of 149 (108 never-pregnant) women with polycystic ovary 
syndrome (PCOS), our specific aim was to determine whether hypofibrinolysis mediated by high plasminogen activator 
inhibitor activity {PAI-Fx) is an independent risk factor for miscarriage. The 41 women had 77 total pregnancies with 34 
miscarriages (44%) and 42 live births (55%). There were 12 women with at least one pregnancy, at least one miscarriage, and no 
live births (16 pregnancies and 16 miscarriages}. There were 15 women with at least one pregnancy, no miscarriages, and at 
least one live birth (25 pregnancies and 28 live births). Of 12 women with only miscarriages and no live births, 67% had PAI-Fx 
greater than 16.4 U/mL (normals' 95th percentile), versus 29% of 15 women with no miscarriages and all live births (X 2 = 3.8, 
P = .052). By stepwise logistic regression, the number of pregnancies (P = .0001) and PAI-Fx (P = .016) were significant 
positive explanatory variables for the number of miscarriages. Age, 4G/5G polymorphisms of the PAl gene, factor V Leiden, 
methylenetetrahydrofolate reductase (MTHFR) gene mutations, androstenedione, testosterone, sex hormone-binding globu- 
lin, the Quetelet index, and fasting serum insulin and glucose were not significant variables in the logistic regression model. In 
a separate stepwise logistic regression, three nonoverlapping groups of women (12 with --- 1 pregnancy, - 1 miscarriage, and 0 
live births, 10 with ->1 pregnancy, ->1 miscarriage, and ->1 live births, and 15 with ->1 pregnancy, 0 miscarriages, and ->1 live 
births) were the dependent variables. PAI-Fx was positively associated (P = .05) with the group with the worst pregnancy 
outcome (->1 pregnancy, ->1 miscarriage, and 0 live births). The 41 women with PCOS and at least one pregnancy were more 
likely than healthy normal controls to have heterozygosity and homozygosity for the 4G/5G polymorphism of the PAl-1 gene 
{P = .028), but did not differ from normals for factor V Leiden (P > .10) or MTHFR (P > .09) mutations. PAi-Fx is a predominant 
independent significant positive reversible risk factor for miscarriage in women with PCOS. 
Copyright © 1999 by W.B. Saunders Company 

F AMILIAL THROMBOPHILIA, including the factor V 
Leiden mutation, homozygosity for the methylenetetrahy- 

drofolate reductase gene (MTHFR) mutation, heterozygosity 
for the prothrombin gene mutation, hyperhomocysteinemia, and 
protein S deficiency, can cause miscarriage and serious compli- 
cations of pregnancy. 18 Kupferminc et al 8 compared 110 
women who had one obstetrical complication (preeclampsia, 
abmptio placentae, fetal growth retardation, and stillbirth) and 
110 control women with at least one normal pregnancy. The 
factor V Leiden mutation was found in 20% of women with 
obstetrical complications versus 6% of controls (P = .003), 
homozygosity for the MTHFR mutation in 22% versus 8% 
(P = .005), and the prothrombin gene mutation in 10% versus 
3% (P = .03). Overall, 52% of women with obstetrical compli- 
cations had a heritable thrombophilic mutation, versus 17% of 
controls (P < .001). Thrombophilic deficiency of protein C, 
protein S, or antithrombin III or anticardiolipin antibodies were 
detected in an additional 13% of women with obstetrical 
complications versus 1% of controls (P < .001).8 The thrombo- 
philic antiphospholipid syndrome (anticardiolipin antibodies 
and/or the lupus anticoagulant) also causes obstetrical complica- 
tions and recurrent miscarriage. 9-1z The documentation of 
thrombophilic causes of recurrent miscarriage is important. 1-12 
Bick et al so have reported a 100% success rate in achieving 
normal term deliveries among women with thrombophilia who 
used 81 mg/d aspirin preconception and low-dose heparin 5,000 
U every 12 hours after conception. 

High levels of plasminogen activator inhibitor activity (PAI- 
Fx), the major determinant of hypofibrinolysis, can contribute 
to the placental alterations that occur in preeclampsia. 13,14 
Moreover, in two studies of 116 and 500 patients who had early 
recurrent miscarriages of unknown origin, Gris et al 3,1~ reported 
low levels of the major fibrinolysis activator (tissue plasmino- 
gen activator activity) and high levels of the fibrinolysis 

inhibitor (PAI-Fx). They speculated that "an impaired plasmin 
dependent proteolysis in women might favor recurrent abortion 
by promoting fibrin deposition in early placental circulation or 
by limiting trophoblast development, or both." Polycystic 
ovaries have been found by ultrasound in 36%, 16 56%, 17 and 
82% 28 of women with recurrent early miscarriage. Miscarriage 
rates in 21 women with polycystic ovary syndrome (PCOS) 
with supportive and observational care have been reported to be 
18%. t6 In prospective studies of 239 women with PCOS, 39,1% 
of pregnancies achieved with gonadotropins miscarried, as did 
17.6% of pregnancies achieved with gonadotropin-releasing 
hormone agonists. 19 In prospective studies of 106 women with 
PCOS and at least three consecutive first-trimester miscar- 
riages, live birth rates in women receiving pituitary suppression 
were 52% and 63% in controls, z° In 27 infertile women with 
PCOS treated with pulsatile luteinizing hormone (LH)- 
releasing hormone, nine (33%) had first-trimester miscar- 
riages. 2~ Miscarriage rates following in vitro fertilization are 
higher in infertile women with PCOS (35.8%) versus those with 
normal ovaries (23.6%, P = .0038). 22 Speculative causes for 
the high miscarriage rate in PCOS 16-22 include high levels of 
PA1-Fx (hypofibrinolysis), 3,15 testosterone, androstenedione, de- 
hydroepiandrosterone sulfate (DHEAS), or LH and low levels 
of progesterone. 18,21,23,24 
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In w o m e n  with PCOS,  met formin  therapy decreases fasting 

serum insulin, PAI-Fx, testosterone,  androstenedione,  and 

D H E A S  25-28 and restores menstrual  cyclicity in most  (91% to 

96%) previously ol igo/amenorrheic  w o m e n  with POCS.  26,2s In 

w o m e n  with PCOS,  met formin- induced  restoration of  men-  

strual cyclicity and subsequent  concept ion mandates  better 

ways  to ameliorate their historically high non -me t fo rmin -  
treated, first-trimester miscarr iage rate. 16-22 This led us to the 

present  study of  41 w o m e n  with at least one pregnancy drawn 

from a group of  149 (108 never-pregnant)  w o m e n  with PCOS. 

Our  specific aim was to determine whether  hypofibrinolysis  
media ted  by high PAI-Fx (reversible by metformin)  25-2s has a 

significant independent  associat ion with miscarriage. 

SUBJECTS AND METHODS 

Patients 

The 149 women with PCOS were entered onto the study in the 
temporal sequence of their referral to the Cholesterol Center without 
exclusions or selection bias. Criteria for the diagnosis of PCOS 25-29 are 
summarized for the total cohort (N = 149) and for the 41 women with at 
least one pregnancy in Table 1. Of the 149 and 41 patients, 148 (99%) 
and 40 (98%), respectively, met at least two of the first three major 
diagnostic criteria. Diagnostic criteria included (1) polycystic ovaries 
(>-10 subcapsular follicles 2 to 8 mm in diameter) diagnosed by pelvic 
ultrasound or laparoscopy, (2) chronic oligomenorrhea (-<six menses 
per year and/or amenorrhea for >--6 months), (3) clinical hyperandrogen- 
ism (hirsutism 29 with a Ferriman-Gallwey Score -->7), 3° LH to follicle- 
stimulating hormone (FSH) ratio greater than 1.5 in the amenorrheic 
state, (4) morbid obesity, and (5) acanthosis nigricans (Table 1). 

Assessment was performed for other endocrinopathies causing 
oligo/amenorrhea. 25-29 The presence of congenital adrenal hyperplasia 
was assessed by medical history, physical examination, and 17-OH 
progesterone levels. Pituitary insufficiency was assessed by measure- 
ment of thyroxine (T4), thyrotropin (TSH), fasting morning cortisol, 
LH, and FSH. No patients had clinical evidence of hyperprolactinemia: 
galactorrhea, visual-field defects, known pituitary tumors, or hypogonad- 
otropic hypogonadism. Serum prolactin levels were not uniformly 
measured. 

Study Protocol 

The study was performed with signed informed consent, following a 
protocol approved by the Jewish Hospital Institutional Review Board. 

At the initial visit in the morning after an overnight fast, a medical 
history and physical examination was performed with measurement 2e'29 
of height, weight, systolic and diastolic blood pressure, fasting blood 
glucose, glycohemoglobin, and endocrine status and assessment for 
other endocrinopathies (as before), lipids, PAI-Fx, 4G/5G polymor- 
phisms of the PAI-1 gene, and factor V Leiden and MTHFR gene 
mutations. 28,3I None of the women had previously used mefformin. A 
detailed history was obtained from the patients and from their doctors' 
records for the number of pregnancies, live births, miscarliages, and 
elective abortions (Figs 1 and 2). Similarly, information was obtained 
on previous treatments to enhance fertility. Women with at least one 
pregnancy were categorized into three nonoverlapping subgroups based 
on obstetrical outcomes (Fig 2), with subsequent group comparison of 
PAI-Fx, fasting serum insulin, and the other measured variables. 

Two of 41 patients with at least one pregnancy were found to have 
type 2 diabetes mellitus at the initial visit for the present study, but both 
were known to have normal fasting blood glucose and glucose tolerance 
tests during their antecedent pregnancy. 

GLUECK ET AL 

Table 1. Diagnosis of PCOS in 149 Women, 41 of Whom Had at Least 
One Pregnancy 

->1 Pregnancy 
Parameter All (N - 149) (n = 41) 

Polycystic ovaries by 
ultrasound, lapa- 
roscopy, or surgery 

Chronic ol igomenor- 
rhea (<6 menses/yr 
and/or amenorrhea 
for ->6 me) 

Hirsutism (Ferriman- 
Gallwey Score 29 
->7) 

Acanthosis nigricans 
BMI >2728 
Estradiol <69 

pg/m L 28 

Testosterone >83 
n g/d L 28 

Androstenedione 
>250 ng/dL 28 

LH/FSH ratio >1.5 in 
the amenorrheic 
state 28 

Fasting serum insulin 
->20 pU/mL 28 

Fasting blood glu- 
cose >126 rng/dL 28 

HbAlc >6.4% 28 
PAI-Fx >16.4 U/mL 28 
4G/5G PAl-1 

gene poly- 
morphism 

4G4G 
4G5G 
5G5G 

118/149 (79%) 37/41 (90%) 

149/149 (100%) 41/41 (100%) 

145/148 (98%) 39/40 (98%) 
29/145 (20%) 8/40 (20%) 

126/144 (88%) 36/41 (88%) 

108/146 (74%) 24/39 (62%) 

24/147 (16%) 5/39 (13%) 

41/144 (29%) 9/38 (24%) 

87/143 (61%) 21/38 (55%) 

87/146 (60%) 20/41 (49%) 

6/147 (4%) 2/40 (5%) 
8/140 (6%) 5/37 (14%) 

65/146 (45%) 17/40 (43%) 

Normals X 2 = 12 ,  ~(2 = 7.1, 
(n = 234) 31 P = .002 P = .028 

47 (20%) 38 (26%) 6 (15%) 
102 (44%) 78 (54%) 27 (66%) 
85 (36%) 28 (19%) 8 (20%) 

Normal Controls 

Studies in healthy normal controls were performed during the same 
period as the patients' studies. 28,31 Forty normal hospital personnel (17 
men and 23 women; mean -+ SD age, 37 ± 7 years) served as controls 

I 41 women with >1 pregnancy 1 

122 women wi,h l m,acarr,a oj E 25 womeo with l ,,ve 

! 7 7 t o t a l p r e g n a n e i e s l ~  1 

I 34totalmiscarriages~ [ 42,ota l l ivebir ths 1 

# rnisc # women total misc # live births # women total live births I 

2 5 10 2 120 20 
3 2 6 3 
4 1 4 4 1 

Fig 1. Pregnancy outcomes in 41 women with PCOS and ->1 
pregnancy. There were 77 total pregnancies, 34 miscarriages, 36 
singleton births, 3 sets of twin births, and 4 elective abortions, for a 
total of 42 live births. 
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12 women with >1 pregnancy, _>1 miscarriage, no live births 

16 total pregnancies, 16 total misearriagies 

10 women with >_1 pregnancy, ->1 miscarriage, ->1 live births 

32 total pregnancies, 18 total miscarriegies, t4 live births 

15 women with ->1 pregnancy, no miscarriage, _>1 live births 

25 total pregnancies, 0 total miscarriagies, 28 live births 

effects. 31 Polymerase chain reaction assays were performed for two 
major thrombophilic gene mutations (factor V Leiden and MTHFR) and 
for the hypofibrinolytic 4G/5G polymorphism of the PAI-1 gene as 
previously described. 28,3t 

III 

Fig 2. Three nonoverlapping groups of women with PCOS and --- 1 
pregnancy characterized by pregnancy outcomes. In group III, there 
were 25 pregnancies with 28 live births. 

for comparison to the patients' PAI-Fx; 234 healthy normal subjects 31 
served as controls for PAI-1 gene polymorphisms. 

Laboratory Methods 

Radioimmunoassay 2s-2s was used to measure LH, FSH, estradiol, 
testosterone, androstenedione, DHEAS, progesterone, sex hormone- 
binding globulin, and insulin levels. Glucose, the lipid profile, lipopro- 
tein(a), and PAI-Fx were determined by previously established meth- 
ods.2S-28 

Glycohemoglobin (HbAtc) was measured using the Bio-Rad Variant 
Hemoglobin Ale method (Bio-Rad Diagnostics, Hercules, CA). The 
within-day coefficient of variation for a pool with a mean HbAtc of 
5.66% was 0.9%, and for a pool with a mean of 12.92%, it was 0.35%. 
The between-day coefficient of variation for a pool with a mean of 
5.77% was 1.64%, and for a pool with a mean of 10.02%, it was 1.48%. 

PAI-Fx, 4G/5G polymorphism of the PAI- 1 gene, and factor V Leiden 
and MTHFR gene mutations in the healthy normal controls were not 
correlated (P > .09) with age, sex, or race, making it unlikely that 
differences between patients and controls represented age, sex, or race 

Statistical Analysis 

Spearman correlations 32 were calculated among the number of 
pregnancies, live births, and miscarriages (yes = 1, no = 0, number of 
miscarriages) and endocrine and coagulation measures. 

Using normal limits (>95th percentile and <5th percentile for sex 
hormone-binding globulin) ~8 for laboratory measurements as cutoff 
points, patient groups classified by pregnancy outcomes were compared 
by X 2 tests. 32 

Stepwise logistic regression 32 was used to assess significant indepen- 
dent determinants of the number of miscarriages. Separately, the 
dependent variables were three nonoverlapping subgroups of women 
with PCOS, based on their pregnancy outcomes (Fig 2). Explanatory 
variables included age, number of pregnancies, PAI-Fx, PAI-1 gene 
polymorphisms, and factor V Leiden and MTHFR gene mutations. In an 
expanded logisdc regression model, explanatory variables included age, 
number of pregnancies, PAI-Fx, PAI-1 gene polymorphisms, factor V 
Leiden and MTHFR gene mutations, androstenedione, testosterone, sex 
hormone-binding globulin, Quetelet index (kg/cm e × 1,000), fasting 
serum insulin, and gIucose (Table 2). 

The predicted probabilities for miscarriages in the PCOS population 
of interest were calculated from the stepwise logistic regression model. 
For panel 1 in Table 2, the model is detailed in the Appendix. 

The stepwise logistic regression models were separately re-run after 
excluding the two women who were diagnosed as type 2 diabetics at the 
initial visit. 

RESULTS 

Characteristics of 149 Women With PCOS and the 41 Women 
With PCOS With at Least One Pregnancy 

Total cohort (N = 149). O f  149 women ,  148 (99%) had  at 

least  two of  the  first three major  criteria for the d iagnos is  of  

PCOS (Table 1). High  ( > 5 0 0  ng/dL)  17-OH proges terone  was 

found  in one o f  149 w o m e n  (1%). 

Table 2. Significant Independent Determinants of Miscarriage by Logistic Regression 

Dependent Variable Significant Explanatory Variable Sign P 

1. No. of miscarriages (40 observations used) 

Concordant 62%, discordant 9% 

2. Pregnancy outcome groups 

I = 12 women with >-t pregnancy, -<1 miscarriage, no live 

births 

II = 10 women with ->1 pregnancy, -<1 miscarriage, ->1 
live births 

III = 15 women with ->1 pregnancy, no miscarriage, ->1 live 

births 

Concordant 61%, discordant 38% 

3. No. of miscarriages (38 observations used) 

Stepwise selection on age, no. of pregnancies, PAI-Fx, PAl 

gene, factor V Leiden and MTHFR mutations 

No. of pregnancies 

PAI-Fx 

Stepwise selection on age, no. of pregnancies, PAI-Fx, PAl 

gene, factor V Leiden and MTHFR mutations 
PAI-Fx 

Stepwise selection on age, no. of pregnancies, PAI-Fx, PAl 

gene, factor V Leiden and MTHFR mutations, androstene- 

dione, testosterone, sex hormone-binding globulin, insulin, 
Quetelet Index, and glucose 

No. of pregnancies 

PAI-FX 

+ .0001 

+ .016 

+ .050 

+ .0004 

+ .027 
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Most of the cohort was obese (88%), with a body mass index 
(BMI) greater than 27, and most (74%) had an estradiol level 
less than 69 pg/mL (lower-normal limit for midcycle estra- 
diol). 2s High fasting serum insulin (->20 ~tU/mL) % was com- 
mon, found in 60% of the women. Type 2 diabetes was 
uncommon; five women (3%) had both fasting blood glucose 
greater than 126 mg/dL and HbAto greater than 6.4%. None had 
type 1 diabetes. High levels (>normals '  95th percentile) 28 of 
PAI-Fx, the major inhibitor of fibrinolysis, were common, 
found in 45% of the women. The distribution of the 4G/5G 
polymorphism of the PAI-1 gene, a determinant of PAI-Fx 
levels and of insulin resistance, 28,31 was shifted toward 4G/4G 
homozygosity and 4G/5G heterozygosity when compared with 
234 normals (X 2 = 12.2, P - .002)(Table 1). 

Of 149 women, 74 (50%) had at least one high-level 28 
(>normals '  95th percentile) total testosterone, free testosterone, 
androstenedione, or DHEAS. The mean ± SD age and median 
age of the I49 women were 30 + 7 and 30 years. 

Women with at least one pregnancy (n = 41). Of 41 women 
with at least one pregnancy, 40 (98%) had at least two of the first 
three major criteria for the diagnosis of PCOS (Table 1). None 
had high (>500 ng/dL) 17-OH progesterone. 

Most (88%) of the 41 women were obese, with a BMI greater 
than 27, 28 and most (62%) had estradiol tess than 69 pg/mL 
(lower-normal limit for midcycle estradiol). 28 High fasting 
serum insulin 28 (->20 ~tU/mL) was common, found in 49% of 
the women. Type 2 diabetes was uncommon; two women (5%) 
had both fasting blood glucose greater than 126 mg/dL and 
HbAlo greater than 6.4%. At their antecedent pregnancies, these 
two women had normal fasting blood glucose and normal 
glucose tolerance. None had type 1 diabetes. High levels 
(>normals '  95th percentile) 28 of PAl-Fx were common, found 
in 43% of the women. The distribution of the 4G/5G polymor- 
phism of the PAl- 1 gene was shifted toward 4G/4G homozygos- 
ity and 4G/5G heterozygosity compared with 234 normals 
(X 2 = 7.14, P = .028)(Table 1 and Fig 3). 

Of the 41 women, 17 (41%) had at least one high-level 
(>normals '  95th percentile) 28 total testosterone, free testoster- 
one, androstenedione, or DHEAS. The mean ± SD age and 
median age of the 41 women were 35 ± 7 and 33 years. 

{n 

g~ 
"5 
E 
o= 
#_ 

% 

70 

60 

50 

40 

30 

20 

lO 

o 

20% 

4G/4G 

l i i  ~ii=.! 41 women with PCOS and >1 pregnancy 

234 normal controls 

X2=7.1, p=,028 
66% 

4G/5G 

36% 

5G/5G 

Fig 3. 4G/4G and 4G/5G polymorphisms of the PAl-1 gene along 
with 5G/5G (wild-type normal) in 41 women with PCOS and ->1 
pregnancy and in 234 healthy normal controls. 

There were no differences (P > .1) in the prevalence of the 
factor V Leiden mutation in the 41 PCOS women (7.5%) versus 
234 healthy normal controls (3%). The prevalence of MTHFR 
mutations in 41 PCOS women (34% wild-type normal, 56% 
heterozygous, and 10% homozygous) did not differ (P = .09) as 
compared with the 234 healthy normal controls (51% wild-type 
normal, 38% heterozygous, and 11% homozygous). 

Pregnancies, Miscarriages, and Live Births 

Of i49 women with PCOS, 41 had at least one pregnancy 
(Fig 1). Of these 41 women, 22 (54%) had at least one 
miscarriage and 25 (61%) had at least one live birth. The 41 
women with at least one pregnancy had 77 total pregnancies 
which resulted in 34 miscarriages (44%), 42 live births (55%; 
three sets of twins), and four elective abortions. Of 34 miscar- 
riages, 14 women had one miscarriage, five had two, two had 
three, and one had four. Of 42 total live births, 12 women had 
one, 10 had two, two had three, and one had four (Fig 1). There 
were 12 women who had at least one pregnancy, at least one 
miscarriage, and no live births (16 pregnancies and 16 miscar- 
riages). There were 10 women with at least one pregnancy, at 
least one miscarriage, and at least one live birth (32 pregnan- 
cies, 18 miscarriages, and 14 live births). There were 15 women 
with at least one pregnancy, no miscarriages, and at least one 
live birth (25 pregnancies and 28 live births) (Fig 2). 

Drug treatments to enhance fertility were previously used by 
59% of the 41 women. The three groups of women categorized 
by pregnancy outcomes (Fig 2) did not differ (P > .1) in the 
percentage who used fertility-enhancing drugs, 67% for group I 
(worst outcome, 16 pregnancies, 16 miscarriages, and 0 live 
births), 70% for group II (intermediate outcome, 32 pregnan- 
cies, 18 miscarriages, and 14 live births), and 53% for group III 
(best outcome, 25 pregnancies, 0 miscarriages, and 28 live 
births). 

PAI-Fx and Other Measured Variables in Groups According to 
Pregnancy, Miscarriage, and Live Births 

Of the 12 women with only miscarriages and no live births, 
67% had high PAI-Fx (>16.4 U/mL), 28 versus 29% of the 15 
women with no miscarriages and all live births (×2 = 3.8, 
P = .052). Seventy-five percent of the group of 12 women had 
high fasting serum insulin (->20 jaU/mL), 28 versus 40% and 
30% of the groups of 15 and 10 women, respectively (P = .069 
and P = .035). There were no other differences among the three 
groups of women (P > .10) for any of the other measured 
variables, including the PAI gene, factor V Leiden, and MTHFR 
mutations. 

Correlations Between Live Births, Miscarriage (yes~no), 
Number of Miscarriages, and Other Measured Variables 

In the 41 women with at least one pregnancy, the number of 
live births was inversely correlated with PAI-Fx (r = - .34 ,  
P = 0.03). The likelihood of miscarriage correlated positively 
with androstenedione (r = .33, P = .04). The number of miscar- 
riages correlated positively with the number of pregnancies 
(r = .45, P = .0035) and inversely with sex hormone-binding 
globulin (r = - . 3 2 ,  P = .048). There were no significant 
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correlations between the number of live births, likelihood of 
miscarriage, or number of miscarriages and the PAI gene, factor 
V Leiden, or MTHFR mutations (P > .25). 

There were no significant correlations (P > .25) between the 
use of fertility-enhancing drugs and either the likelihood of 
miscarriage or the number of miscarriages. 

PAI-Fx was positively correlated with fasting serum insulin 
(r = .52, P = .0005). 

Significant Explanatory Variables for the Number of 
Miscarriages 

With the number of miscarriages as the dependent variable 
and explanatory variables including age, number of pregnan- 
cies, PAI-Fx, 4G/5G mutation of the PAI gene, and factor V 
Leiden and MTHFR mutations, stepwise logistic regression was 
performed. Positive explanatory variables included the number 
of pregnancies (P = .0001) and PAI-Fx (P = .016). The num- 
ber of pregnancies can correctly predict the probability of the 
number of miscarriages 57% of the time (concordant), but fails 
(discordant) to correctly predict 15% of the time. The PAI-Fx 
level adds to the correct prediction 5% of the time (concordant), 
and reduces the failure to correctly predict 6% of the time 
(discordant). Together, the number of pregnancies and PAI-Fx 
can correctly predict the probability of the number of miscar- 
riages 62% of the time (concordant), but fail (discordant) to 
correctly predict 9% of the time. The predicted probabilities for 
miscarriage in the PCOS population of interest can be calcu- 
lated (Appendix) from the stepwise logistic regression model 
(Table 2). For instance, for a single pregnancy in a woman with 
PCOS with low-normal PAI-Fx (6 U/mL) or high PAI-Fx (32 
U/mL), the predicted likelihood of miscarriage is 15% and 47%, 
respectively (Appendix). For four pregnancies in a woman with 
PCOS with high PAI-Fx (32 U/mL), the predicted likelihood of 
at least one miscarriage was 99%, at least two, 93%, at least 
three, 65%, and all four, t2%. 

In a separate logistic regression model, the three nonoverlap- 
ping groups of women classified by pregnancy and miscarriage 
were the dependent variables. Age, number of pregnancies, 
PAI-Fx, 4G/5G mutation of the PAI gene, and factor V Leiden 
and MTHFR mutations were explanatory variables. PAI-Fx was 
positively associated (P = .05) with the groups with the worst 
pregnancy outcomes (group I v II and III and groups I and I1 v 
III). The PAI-Fx level can correctly predict the pregnancy 
outcome group 6t% of the time, but fails to correctly predict 
38% of the time (Table 2). 

In an expanded logistic regression model, the dependent 
variable was the number of miscarriages and the explanatory 
variables included age, number of pregnancies, PAI-Fx, PAI 
gene, factor V Leiden and MTI-IFR gene mutations, androstene- 
dione, testosterone, sex hormone-binding globulin, Quetelet 
index, fasting serum insulin, and glucose (Table 2). By stepwise 
selection, positive explanatory variables included the number of 
pregnancies (P = ,0004) and PAI-Fx (P = .027). In the third 
stepwise logistic regression model, the number of pregnancies 
can predict the number of miscarriages correctly 53% of the 
time, but fails to correctly predict 17% of the time. The PAI-Fx 
level adds to the correct prediction 21% of the time, and 
increases the failure to correctly predict 5% of the time. 

Together, the number of pregnancies and PAI-Fx can correctly 
predict the probability of the number of miscarriages 74% of the 
time (concordant), but fail (discordant) to correctly predict 22% 
of the time (Table 2). 

The outcomes of the stepwise logistic regression models 
were not substantially changed by excluding two women who 
were diabetic at the initial visit for the present study but were 
not diabetic at their antecedent pregnancies (data not shown). 

DISCUSSION 

In the current study of 149 women with PCOS predominantly 
of childbearing age, 108 (72%) had never conceived, testimony 
to the infertility characteristic of PCOS.25-29 The 41 women with 
at least one pregnancy had 77 pregnancies that resulted in 34 
mostly first-trimester miscarriages (44%) and 42 live births 
(55%). This 44% miscarriage rate is at the higher end of five 
previous studies in which 18%, 16 18%, 19 33%, 21 36%, 22 and 
48% 2o miscarriage rates have been reported. In the present 
study, the predicted likelihood of miscarriage in single preg- 
nancy in a woman with PCOS who had either low-normal 
PAI-Fx (6 U/mL) or high PAI-Fx (32 U/mL) was 15% and 47%, 
respectively, approximating previously reported miscarriage 
rates (18% ~6 to 48%2o). The present report is also congruent 
with studies of women with habitual miscarriages, wherein 
polycystic ovaries have been found by ultrasound in 36%, ~6 
56%, ~7 and 82% 28 of women. Multiple risk factors have been 
implicated for the high miscarriage rate in PCOS, including 
high LH, testosterone, androstenedione, and PAI-Fx and low 
progesterone. 3,153s,;1,23,24,33 In the present study, the likelihood 
of miscarriage was positively correlated with androstenedione, 
and the number of miscarriages was correlated positively with 
the number of pregnancies and inversely with sex hormone- 
binding globulin. Sex hormone-binding globulin levels are 
depressed by the high serum androgens and high insulin 
characteristic of PCOS,ZS-28 probably accounting for this corre- 
lation in the current study. 

High levels of PAI-Fx, the major determinant of hypofibrinoly- 
sis, are a major risk factor for miscarriagey 5 probably by 
producing placental insufficiency via increased thrombosis as 
the placenta establishes arteriovenons anastomoses with the 
maternal circulation. In the present study, the number of live 
births was inversely correlated with PAI-Fx: 67% of women 
with only miscarriages and no live births had high PAI-Fx 
(> 16.4 U/mL), versus 29% of women with no miscarriages and 
only live births. Moreover, PAI-Fx was a significant indepen- 
dent variable for the number of miscarriages and for the worst 
pregnancy outcomes. 

Metformin therapy restores menstrual cyclicity in most (91% 
to 96%) previously oligo-amenorrheic women with PCOS, 26,28 
decreasing PAI-Fx, testosterone, androstenedione, DHEAS, and 
insulin. 25-% Restoration of menstrual cyclicity 26,28 mandates 
better ways to ameliorate the historically high, non-metformin- 
treated, first-trimester miscarriage rate in P C O S .  16-22 High 
PAI-Fx may cause thrombosis-induced placental insuffi- 
ciency. 3,~5 Since metformin usually normalizes or improves 
high PAI-Fx in women with PCOSY -28 we speculate that 
metformin therapy during pregnancy in women with PCOS 
would reduce their high rate of first-trimester miscarriage. 
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Metformin  is not teratogenic,  and has been  shown to be safe in 
pregnancy. 34,35 

The major  heritable thrombophil ias,  media ted  by factor V 

Leiden  and M T H F R  mutations,  have been recently shown to be 

risk factors for complicat ions of  pregnancy. 8 Factor V Leiden  

and M T H F R  mutations were  no more  common  in the 41 w o m e n  

with PCOS and at least one pregnancy than in healthy normal  

controls.  In contrast, however,  the 41 w o m e n  with PCOS 

and at least one pregnancy were more  likely than healthy 

normal  controls to have heritable hypofibrinolysis  with hetero- 

zygosity and homozygos i ty  for the 4G/5G polymorphism of  the 

PAI-1 gene. We speculate that the prothrombot ic  effects o f  

thrombophil ia 1-12 and hypofibrinolysis 36-4° are probably function- 

ally similar as etiologies for both  miscarriage and complicat ions 

o f  pregnancy. We suspect  that heritable hypofibrinolysis medi-  
ated by high PAI-Fx in women  with PCOS 25-is is a major  

determinant  o f  their high miscarr iage rate, with adverse preg- 

nancy outcomes similar to those in w o m e n  with heritable 

thrombophil ic  traits, s We postulate that metformin therapy 

during pregnancy in w o m e n  with PCOS,  by opt imizing the 

endocr ine  milieu and decreasing PAI-Fx, 25-z8 would  reduce the 

otherwise high miscarr iage rate. Within this f rame o f  reference,  

in w o m e n  with thrombophil ia-  or hypofibr inolysis- induced 

pregnancy complicat ions or miscarriages,  >12 low-molecular -  

weight  heparin may  provide another approach to ameliorate 
miscarr iage through th romboprophylax i s )  ,1°,41,42 

A P P E N D I X :  LOGISTIC REGRESSION MODEL 

The categorical response (number of miscarriages) is fitted by a 
logistic regression model as follows: 

Ln 
P(had -> i miscarriages) 

1 - P(had -> i miscarriages) 

~i -}- C1 X number of total pregnancies + Ce × PAI-Fx, 
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