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Abstract
Objective—The current study longitudinally evaluated concentrations of fibrinogen (Fib), D-
Dimer, plasminogen activator type-1 (PAI-1) and tissue type plasminogen activator (T-Pa) before
pregnancy and in the first and third trimesters of pregnancy with a focus on the pregnancy
transition.

Study design—Twenty healthy, nonsmoking, nulliparous women, aged 29.8 ± 3.0 years, BMI
23.3 ± 3.2 kg/m2 were studied during menstrual cycle day 8 ± 4 and again in early (11 – 15 wks)
and late (31 – 34 wks) pregnancy. Seventeen women had singleton conceptions and delivered at
term with uncomplicated pregnancies (CTL) and three women developed complicated
hypertension (CH) during pregnancy after the third trimester (late pregnancy) evaluation. Data are
means ± SEM, Significance was based on p < 0.05.

Results—Fib was the only protein evaluated that increased in early pregnancy relative to the
prepregnancy assessment. D-dimer, PAI-1 and T-Pa increased in the third trimester compared with
prepregnant and early pregnant values (p < .001). T-PA was significantly higher during late
pregnancy in CH subjects compared with CTL (8.1 ± 0.7 ng/ml vs. 5.0 ± 0.2 ng/ml, p = .02).
There were no other differences between groups.

Conclusions—Increases in fibrinogen are evident in early pregnancy whereas fibrinolysis,
perhaps in response to the procoagulant environment of pregnancy, is increased during late
pregnancy. Before development of clinically overt hypertension, T-Pa is increased without
concomitant changes in other proteins assessed. This is consistent with altered endothelial function
with preeclampsia that may contribute to, or reflect, the vasculopathy accompanying this disorder.
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Introduction
Pregnancy is accompanied by changes in the expression of coagulation and fibrinolytic
proteins that favor a balance towards clot formation. Increases in the activation of the
coagulation cascade contribute to a reduction in hemorrhage risk that could otherwise be
detrimental to fetal and maternal health. Alterations in both the extrinsic and intrinsic
pathways of coagulation have been well-characterized and show that prothrombin,
coagulation factors VII, X, XII and VIII are increased during pregnancy [1]. Fibrinogen, the
precursor of fibrin, has been shown to increase during pregnancy contributing to a
procoagulant environment [1–3].

Proteins in the fibrinolytic system that inhibit fibrinolysis are upregulated thereby further
favoring coagulation. Plasminogen activator inhibitor type-1 (PAI-1) is an antifibrinolytic
protein implicated in vascular remodeling [4]. PAI-1 is secreted by endothelial cells
stimulated by a number of signaling moieties including thrombin [5]. During pregnancy,
PAI-1 is a primary inhibitor of tissue type plasminogen activator (T-Pa), a key protein
involved in fibrin degradation [6, 7]. T-PA is produced by endothelial cells, secreted locally
in response to endothelial injury, and in the presence of fibrin, is a potent activator of
plasminogen, a crucial step in fibrin degradation [5]. T-PA increases during pregnancy;
however, increases in PAI-1 supersede those in T-PA thereby maintaining a procoagulable
environment [8]. Though coagulation processes are predominant over fibrinolysis during
pregnancy, D-Dimer, a product of fibrin degradation, increases with progressing pregnancy
indicating a functionally active fibrinolytic system [8].

Whereas normal pregnancy is accompanied by increased coagulation, women who develop
preeclampsia (PE) have augmented coagulation compared with those with to normal
pregnancy [9]. Clinical manifestations of increased coagulation include excess fibrin
deposition and microthrombus formation involving both maternal organs and the placenta
[10]. The hypercoagulability of PE has been attributed to endothelial dysfunction, decreased
antithrombin levels, and increased levels in markers of thrombin activity [9, 11]. Other
proteins involved in hemostasis such as factor VIII, soluble fibrin, thrombomodulin and D-
dimer are also reported to be altered in PE [12–16].

The objective of the current study was to evaluate concentrations of coagulation and
fibrinolytic system proteins longitudinally in nulliparous women prior to pregnancy and
through pregnancy with a primary focus on the transition from the nonpregnant state to
pregnancy. We evaluated concentrations of fibrinogen, PAI-1, T-Pa, and fibrin fragment D-
Dimer before pregnancy and during early and late pregnancy. In addition, we evaluated
differences at these time points in women who subsequently developed preeclampsia.

Methods
Thirty four nulligravid women interested in conception were enrolled in this research study
through an open advertisement. Women were provided with ovulation detection kits (Quidel
Corporation, San Diego, CA) to assist with achieving a successful conception. All subjects
were young (18–40) healthy, nonsmokers with regular menstrual cycles at the time of
enrollment. None of the women had a history of hypertension, autoimmune disease, diabetes
or other disorders known to affect blood pressure. Thirty women subsequently conceived.
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Eight subjects conceived before baseline prepregnancy studies were performed; one subject
had a first trimester miscarriage; one subject was lost to follow-up. The remaining 20
subjects, all of whom conceived singleton pregnancies, had complete prepregnancy
assessments and successful pregnancy outcomes comprise the current report. One woman
missed her first trimester assessment and was therefore not included in the early pregnancy
study day data. Three women developed complicated hypertension (CH) during pregnancy.
Two of which had classically defined preeclampsia with 24 hour urine collections
demonstrating proteinuria >300 mg/dl and blood pressure >140/90 mmHg. The third woman
had new onset third trimester, elevated blood pressure >140/90 mmHg, elevated liver
enzymes, elevated uric acid concentration (>5mg/dl) and fetal growth restriction with
iatrogenic delivery at 37 weeks. Women were enrolled consecutively over a 33 month
period, from May 2004 through February 2007. Prior to each study visit subjects were
provided with a 3500-mg sodium-balanced diet for 72 hours. Each subject was asked to
abstain from alcohol and caffeine beginning at least 24 hours before the study and to avoid
the use of decongestants and nonsteroidal medications beginning at least 48 hours before the
study. All prepregnancy assessments were performed during the follicular phase.
Assessments during pregnancy were performed between 11 and 15 menstrual weeks.
Ovulation detection and early pregnancy ultrasound assessments were used to calculate
gestational age. The research protocols were approved by the University of Vermont Human
Investigational Committees. All women studied provided written informed consent.

Each periodic assessment was conducted between 8 AM and 10 AM. Subjects were
admitted to the University of Vermont General Clinical Research Center on the day of the
study after an overnight fast. For subjects’ prepregnancy visit, first-void urine was obtained
to confirm nonpregnant state. Following height and weight determination, subjects rested in
the supine position for the remainder of the study with a minimum of 30 minutes before
blood collection.

Blood samples were collected into EDTA or sodium citrate tubes, depending on the assay,
from the antecubital fossa with the use of an indwelling venous saline lock and following a
2.5 mL discard. They were centrifuged within 60 minutes for 15 minutes at 3000 × g to
isolate plasma. Plasma was then aliquoted and stored at −70°C until analysis.

Assay Methods
Coagulation—Fibrinogen concentrations in plasma were determined with the use of the
Clauss method [17]. Fibrinogen levels are directly correlated with clotting time of a diluted
plasma sample in the presence of excess thrombin. Fibrinogen concentrations were
quantified with the STAR automated coagulation analyzer (Diagnostica Stago, Parsippany,
NJ). Patient fibrinogen results were then compared based on control results. Inter-assay CV
ranged from 2 – 6%.

Fibrinolysis
T-PA antigen and PAI-1 antigen were assessed with the use of commercially available
ELISAs, consistent with manufacturer’s instructions (TriniLIZE T-Pa Antigen kit and
TriniLIZE PAI-1 Antigen kit, Diagnostica Stago). PAI-1 antigen reflects both active and
inactive PAI-1, as well as PAI-1 complexed with T-Pa and urokinase plasminogen activator.

PAI-1 activity was assessed as previously described using a modified chromogenic substrate
enzymatic assay method developed by Chmielewska and Wiman [18].
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D-Dimer was measured with the use of a commercially available immuno-turbidometric
assay (Liatest D-Di, Diagnostica Stago) consistent with the manufacturer’s instructions. The
interassay CV ranged from 5 to 14%.

Statistical Analyses
For demographic information listed in Table 1, Student’s t-test was used to determine
statistical significance. P-value for birth weight percentile reflects a probit transformation of
percentiles to z-scores prior to analysis. Two-factor repeated measures analyses of variance
were used to compare women with normal pregnancies and to those complicated by
hypertension on longitudinal changes in coagulation and fibrinolytic proteins. The two
factors in the ANOVA represented pregnancy group (an across-subject factor) and
assessment time (a within-subject factor). When appropriate, F-tests for simple effects were
used to examine temporal trends each groups subsequent to the overall ANOVA. Pairwise
comparisons were performed using Fisher’s LSD. Spearman’s rank correlation (r) was used
to examine the correlation between outcome measures within and across time points
Analyses were performed using SAS Statistical Software Version 9.2 (SAS Institute, Cary
NC). Statistical significance was determined based on α=.05.

Results
Subject characteristics

All pregnancies were singletons, and the majority of the subjects were Caucasian, 90%
(18/20). Clinical and demographic characteristics are presented in Table 1. There were no
significant differences between non-hypertensive (CTL) and women developed complicated
hypertension (CH) in age, body mass index (BMI), prepregnancy cycle day, early pregnancy
study day and gestational age at delivery (Table 1). There was a significant difference
between CTL and CH third trimester study day where CTLs were studied sixteen days later
than CH. Birthweight and birthweight percentile of the newborns were significantly lower in
CH subjects compared with CTL (p = .001 and p = .01, respectively). Two of the CH
newborns were small for gestational age (1st and 5th birthweight percentiles) whereas the
third CH newborn was in the 30th percentile. CTL newborn birthweights ranged from the
15th to 95th percentile.

The mean and SE for each of the hemostatic assessments in both of the groups are listed in
Table 2 and presented in Figures 1 and 2.

Coagulation
Plasma levels of fibrinogen increased in early pregnancy compared with prepregnancy levels
and remained elevated at the third trimester study day in both CTL and CH groups (Fig 1; p
< .001). There was a trend for lower fibrinogen in CH compared to CTL independent of
assessment time (p = .07) with no evidence of an interaction between the pregnancy group
and time (p = .17).

Fibrinolysis
Plasma PAI-1 antigen was increased in the third trimester in both CTL and CH compared
with the earlier study time points (Table 2, p <.001). There were no differences between
CTL and CH in plasma PAI-1 levels. We also assessed PAI-1 activity (Fig 2A). The pattern
of PAI-1 activity paralleled the pattern of PAI-1 antigen change in pregnancy. There was a
significant change over time of T-Pa antigen. There was evidence that the temporal pattern
was different between the two groups (group by time interaction, p = .001, Fig 2B) due to
significantly increased T-PA antigen in the CH group compared with CTL in the third
trimester. These different temporal patterns resulted in significant differences between CTL
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and CH during late pregnancy, (p < 0.001). It should be noted that these assessments were
made prior to the development of clinical disease. Third trimester plasma D-dimer was
increased in the third trimester compared with both prepregnancy and early pregnancy study
days (Fig 2C, p < .0001). There were no differences between CTL and CH D-dimer levels at
any of the time points studied.

Correlation Analyses
We were interested in determining the contribution of prepregnancy coagulation and
fibrinolytic proteins to early pregnancy and late pregnancy values. To address this question,
we performed correlation analyses on all subjects, examining the relationship between visits
for each of the coagulation and fibrinolytic factors. We found no significant correlation
between prepregnant fibrinogen and either early or late pregnancy fibrinogen (p = .12 and p
= .24, respectively). There was a significant positive correlation between prepregnancy and
early pregnancy PAI-1 activity (r = .63, p = .004). However, this relationship was no longer
present in late pregnancy (r = .007, p = .98). Prepregnancy T-PA levels tended to be
associated with early pregnancy values (r = .40, p = .09), and there was no significant
relationship between prepregnancy and late pregnancy T-PA (r = −.07, p = .77).

Discussion
This study was designed to assess the contribution of prepregnancy coagulation and
fibrinolytic status to measurements made during pregnancy. We evaluated prepregnancy
concentrations of fibrinogen, PAI-1, T-Pa and D-dimer with reassessment of these proteins
during early and late pregnancy.

Pregnancy is known to be a procoagulable state; therefore, it is not surprising that we, and
others, have observed an increase in fibrinogen beginning in early pregnancy [1–3]. In our
group of longitudinally studied women, fibrinogen increased significantly in early
pregnancy compared with prepregnancy and remained high during late pregnancy. Others
have found very similar increases in fibrinogen from first to third trimester [8], though
reports evaluating fibrinogen longitudinally, beginning before pregnancy and longitudinally
through pregnancy are lacking. We did not detect any difference in fibrinogen in women
who later developed CH, though preeclampsia is known to be a hypercoagulable state,
primarily due to increases in thrombin and markers of thrombin activity, [9, 19, 20].
Fibrinogen has been reported to be higher in women with PE, and has been shown to
correlate with severity of disease [21, 22]. Our evaluation of fibrinogen was before the onset
of clinical disease in women who developed term PE, rather than more severe, early onset,
forms of preeclampsia.

PAI-1 has anti-fibrinolytic activity through inhibition of T-PA, thus opposing fibrinolysis
[23]. Indeed, clot stability is favored during pregnancy because concentrations of PAI-1
increase during pregnancy [8, 24, 25]. Reported increases in PAI-1 during pregnancy begin
as early as the second trimester to the third trimester [8, 25]. We observed a significant
increase in PAI-1 at the late pregnancy assessment compared with the prepregnancy and
early pregnancy levels. We did not perform a second trimester assessment and PAI-1 may
have increased before our late pregnancy study date. Our data further suggest that
concentrations of PAI-1 remain relatively stable through the nonpregnant to pregnant
transition and are not a predisposing factor to CH. Whereas correlation analyses suggest that
prepregnancy values of PAI-1 portend early pregnancy values of PAI-1, third trimester
concentrations of PAI-1 are independent of prepregnancy or early pregnancy concentrations
of PAI-1. Thus, the predictive value of prepregnancy PAI-1 measurements is negligible. We
did not detect any difference in concentrations of PAI-1 at any time point in our small cohort
of women with CH compared with normal pregnant women. This is likely to be due to the

Hale et al. Page 5

Pregnancy Hypertens. Author manuscript; available in PMC 2013 April 01.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



very small sample size in our CH group as several other studies have found a significant
increase in PAI-1 detectable by 23 weeks that persists through delivery [24, 26, 27].

Early studies investigating fibrinolysis during pregnancy reported decreased fibrinolysis
reflected by plasminogen activator levels [2, 28, 29]. Later, studies suggested that alterations
occurred in concentrations of both fibrinolytic system proteins such as plasminogen
activator inhibitors and pro-coagulant proteins including antithrombin and von Willebrand
factor during pregnancy [30–32]. One pro-fibrinolytic protein, T-Pa, has been shown to
increase during the second trimester and remain elevated until 8 weeks postpartum [8, 25,
26]. Our studies confirm previous observations of increasead T-Pa in late pregnancy. T-PA
increased simultaneously with PAI-1 suggesting a compensatory effect. This might be
expected because fibrinolysis does not intensify until late pregnancy, T-PA is not increased
during the early transition into pregnancy. Nevertheless, in our very small cohort of CH
women, we found a significant increase in T-Pa during late pregnancy before the onset of
clinical disease. Elevated levels of T-PA have been observed in women during the second
trimester, before clinical disease in those who later developed PE [24]. In the face of CH and
PE, T-Pa appears to potentially mitigate the hypercoagulable state seen with PE. Thus,
increases in T-Pa may, one can speculate, identify women prone to develop CH or PE.

As pregnancy progresses into the 3rd trimester, fibrinolysis increases. This is evidenced by
increased T-Pa, unchanged fibrinogen and increasing D-dimer. D-dimer has been reported to
increase beginning with the onset of pregnancy and continuing until postpartum [8]. We did
not find evidence of increasing D-dimer from the prepregnant to early pregnant state. In our
cohort of women, D-dimer did not increase significantly until the third trimester.
Additionally, the impending development of CH did not appear to be associated with D-
dimer levels. Interestingly, most studies have not identified a difference in D-dimer in PE
compared with normal pregnancy, but these studies have not segregated for timing of onset
of clinical disease [24, 26, 27, 33, 34]. D-dimer levels may be associated with severity of
PE, since D-dimer is significantly increased in PE diagnosed before 34 weeks compared
with PE diagnosed at a later gestational age or when compared to normal pregnancy [9].

Our longitudinal study highlights the temporal nature of changes in the coagulation and
fibrinolysis cascades beginning before pregnancy and transitioning through pregnancy.
Initially, increases in fibrinogen (and likely thrombin generation) occur with normal
pregnancy. During late pregnancy increases in T-Pa augment fibrinolysis, however,
persistent increases in fibrinogen coupled with simultaneous increases in PAI-1 may shift
the balance towards coagulation. In CH, T-Pa is further increased, perhaps as a
compensatory response to excessive coagulation and formation of microthrombi
characteristic of hypertensive-complicated pregnancy or potentially reflective of endothelial
injury.
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CTL control

CH complicated hypertension

PAI-1 plasminogen activator inhibitor-1

Hale et al. Page 6

Pregnancy Hypertens. Author manuscript; available in PMC 2013 April 01.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



T-Pa tissue type plasminogen activator
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Figure 1.
Fibrinogen increased in early pregnancy compared with prepregnancy values and remained
high in the third trimester. Means with a common letter are not significantly different (p < .
05). There were no differences between those women who developed complicated
hypertension and those with uncomplicated pregnancies.

Hale et al. Page 9

Pregnancy Hypertens. Author manuscript; available in PMC 2013 April 01.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Figure 2.
Fibrinolytic protein profiles before pregnancy and during pregnancy. Means with a common
letter are not significantly different (p < .05). A) Plasminogen activator inhibitor type-1
(PAI-1) increased in late pregnancy compared with prepregnancy and early pregnancy
measurements. There were no differences at any time point between those women who
developed complicated hypertension and those with uncomplicated pregnancies. B) T-Pa is
increased during late pregnancy in both groups compared with earlier time points. During
the third trimester, T-Pa was significantly higher in those who developed complicated
hypertension during pregnancy, before the development of disease (p < .001). There are no
differences between groups before pregnancy or in early pregnancy. C) D-Dimer increases
in late pregnancy compared with prepregnancy and early pregnancy values. There are no
differences between those women who developed complicated hypertension and those with
uncomplicated pregnancies.
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Table 1

Maternal demographic characteristics and pregnancy outcomes

Characteristic CTL (n = 17)
Mean ± SE

CH (n = 3)*
Mean ± SE

p-value#

Maternal age (years) 28.9 ± 0.7 31.3 ± 1.2 .21

BMI (kg/m2) 23.6 ± 0.8 21.5 ± 0.9 .31

Prepregnancy cycle day 8.6 ± 1.1 7.7 ± 1.2 .71

First trimester study day† 93.3 ± 2.6 97 ± 7.6 .60

Third trimester study day 227.8 ± 2.0 212.0 ± 0.6 .005

Gestational age at delivery (weeks) 39.7 ± 0.3 38 ± 1.0 .13

Birth weight (g) 3582 ± 96 2514 ± 421 .001

Birth weight percentile 55.2 ± 6.0 12 ± 9.1 .003

*
Three women developed complicated hypertension (CH) during pregnancy. Two of which had classically defined preeclampsia, the third woman

had elevated blood pressure, elevated liver enzymes, elevated uric acid concentration and fetal growth restriction in the third trimester. The
remaining 17 women are designated as uncomplicated pregnancies or controls (CTL).

#
Significance based on two sample t-tests. P-value for birth weight percentile reflects a probit transformation of percentiles to z-scores prior to

analysis.

†
One control subject missed her first trimester study day. The demographic and outcome data presented in this table include all 17 women.
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