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SUMMARY
Introduction Currently there is little information on the effects of prolactin (PRL) on the coagulation 
and fibrinolytic systems.
Objective The aim of this study was to evaluate the effects of hypeprolactinemia on the parameters of 
the hemostatic system and activation of the coagulation system.
Methods We studied PRL levels, body mass index (BMI), values of activated partial thromboplastin time 
(aPTT), prothrombin time (PT), thrombin time (TT), D-dimer level, von Willebrand factor antigen (vWFAg) 
and fibrinogen in 15 young female patients with microprolactinomas before and after therapy and in 
15 healthy female controls.
Results As expected, pretreatment PRL levels were significantly higher in patients than in controls 
(140.90±42.87 vs. 12.53±4.05 ng/ml; p<0.001). PT, although still in the normal range, was prolonged 
in patients with hyperprolactinemia as compared to the control group (13.53±1.39 vs. 12.65±0.53 s; 
p=0.03) and normalized after therapy (12.69±0.65 vs. 12.65±0.53 s; p=0.88). TT, although in normal 
range, was significantly shorter in the hypeprolactinemic patients than in the controls (14.34±4.52 vs. 
17.21±1.35 s; p<0.025) and after treatment remained significantly shorter than in the controls (15.17±1.55 
vs. 17.21±1.35 s; p<0.0001). D-dimer values before treatment in the patients with hyperproplactinemia 
were above the normal range (239.47±107.93 vs. 131.27±50.64 ng/ml, p=0.002) and decreased to normal 
values after therapy (239.47±107.93 vs. 146.60±39.15 ng/ml; p<0.001). D-dimer levels correlated with PRL 
(r=0.30) and the change in serum D-dimer values significantly correlated with the change in PRL levels 
during therapy (r=0.62). aPTT, vWFAg and fibrinogen were similar in patients and controls.
Conclusion In our study, increased thrombin generation that resulted in elevated D-dimer levels may be 
one of the contributing factors to the prethrombotic state in patients with hyperprolactinemia.
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INTRODUCTION

Changes in the hemostatic system activity that 
create a state of hypercoagulability, together 
with the presence of low grade chronic in-
flammation are involved in the pathogenesis 
of atherosclerosis/atherothrombosis and its 
various clinical manifestations, e.g. coronary 
artery disease, peripheral artery disease and 
ischemic stroke [1]. The association between 
atherosclerosis and venous thrombosis has re-
cently been demonstrated [2]. Hemostasis is a 
complex biological process that maintains the 
integrity of a closed high-pressure circulatory 
system after vascular damage and prevents 
excessive bleeding or thrombotic events. The 
delicate hemostatic balance can be achieved 
and maintained by synchronized action of 
many factors that participate in this process 
of which the most important are the vessel 
(endothelial cells), platelets, coagulation and 
the fibrinolytic system [3]. A wide variety of 
endocrine disorders have been associated with 

disturbances in laboratory tests of coagulation, 
correlated with the occurrence of thrombotic 
or bleeding disorders [4].

Prolactinomas are the most common func-
tionally pituitary tumors with prevalence of 
approximately 100 per 1 million people. The 
first line of treatment of macroprolactinomas 
and symptomatic microprolactinomas are do-
pamine agonists. These drugs lower prolactin 
(PRL) levels, decrease tumor size and restore 
gonadal function [5].

Hyperprolactinemia is found to be associ-
ated with a low grade chronic inflammation 
as well as endothelial dysfunction [6, 7]. The 
association between conditions with high lev-
els of PRL (pregnancy, estrogen therapy, anti-
psychotic therapy, pituitary prolactin produc-
ing adenomas) and increased risk of venous 
thromboembolism (VTE) and atherothrombo-
sis has been demonstrated [4, 8, 9]. Increased 
risk of VTE occurrence and higher incidence 
of coronary and peripheral artery disease and 
ischemic stroke in the individuals with hyper-
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prolactinemia may be causative or simply a coincidence. 
Whether hypeprolactinemia increases ADP-induced plate-
let aggregation, not only in vitro but also in vivo, has yet 
to be confirmed by further investigation. To the best of 
our knowledge, the influence of hyperprolactinemia on 
coagulation system activation has not been thoroughly in-
vestigated. Under physiologic conditions, the coagulation 
system is composed of procoagulant factors which are bal-
anced by naturally occurring anticoagulants (antithrombin 
and protein C). The basic laboratory tests of coagulation 
are the measurement of prothrombin time and activated 
partial-thromboplastin time.

OBJECTIVE

The aim of this study was to evaluate the possible effects 
of hyperprolactinemia on coagulation system activity and 
to investigate whether there is any difference in the activ-
ity of coagulation system parameters before and after the 
treatment of hyperprolactinemia.

METHODS

Fifteen non-obese female patients of mean age 31.07±6.69 
years (range 22-40 years), body mass index (BMI) 
25.25±4.00 kg/m2 with newly diagnosed microprolacti-
nomas were included in this prospective study. They were 
diagnosed at the outpatient clinic of the Clinical Center of 
Vojvodina, Novi Sad. Inclusion criteria were serum PRL 
level above 90 μg/ml, MRI evidence of pituitary microad-
enoma, normal basal level of cortisol, free thyroxin (FT4), 
insulin growth factor I (IGF I), low or normal basal lev-
els of follicle-stimulating hormone (FSH) and luteinizing 
hormone (LH). Patients with other causes of hyperprolac-
tinemia were excluded from the study as well as women 
with hematologic, cardiovascular and autoimmune diseas-
es, diabetes mellitus, alcohol abuse, pregnancy and current 
infection. The control group consisted of 15 age matched 
healthy women. All subjects were free of medications and 
estrogens prior to investigation.

The study was approved by the institutional Ethic Com-
mittee and all participants signed informed written con-
sent to participate.

Study protocol

The study was designed as a prospective, case control clini-
cal trial. Samples for PRL level (at 8 am and 11 am), acti-
vated partial thromboplastin time (aPTT), prothrombin 
time (PT), thrombin time (TT), D-dimer level, von Wil-
lebrand factor antigen level (vWFAg) and fibrinogen were 
obtained at the time of diagnosis, before the commence-
ment of the treatment of hypeprolactinemia. The second 
sampling time for all mentioned parameters was repeated 
after PRL level was normalized. All patients were treated 
with dopamine agonists (four with bromocriptine and 11 

with cabergoline). The mean duration of treatment was 
17.90±6.20 months (range 11.5 to 29.0 months). The same 
laboratory parameters were analyzed in the control group. 
BMI was calculated according to formula: body mass (kg)/
(height (m))2×100.

Laboratory measurements

Plasma samples for hemostatic system investigation were 
obtained after venepuncture of the cubital vein, using tri-
sodium citrate as an anticoagulant, after centrifugation 
at 2500 g for 15 minutes. aPTT, PT, TT, D-dimer level, 
vWFAg level and fibrinogen level were determined using 
Instrumentation Laboratory (IL, Milan, Italy) commer-
cial kits. All coagulation tests were performed using an 
automated coagulometer ACL 9000, manufactured by IL, 
Milan, Italy. Fibrinogen level was determined according to 
Clauss, using IL reagent and coagulometer ACL 9000. D-
dimer was determined using latex immunoassay (suspen-
sion of latex polystyrene particles coated with monoclonal 
antibodies MA-8D3), manufactured by IL, Milan, Italy, 
and vWFAg was determined using latex immunoassay HE-
MOSIL vWF Antigen, manufactured by IL, Milan, Italy. 
Results of screening tests (aPTT, PT, TT) were compared 
to the results obtained from the samples of control normal 
plasma (IL, Milan, Italy) and expressed as ratio (R). The 
ratio between 0.85-1.29 for all three screening tests was 
considered to be normal. Reference values for D-dimer, 
vWFAg and fibrinogen were bellow 230 ng/ml, from 45% 
to 140% and from 2.2 to 3.9 g/l, respectively.

The blood samples for PRL level determination were 
taken by cubital vein venepuncture fasting at 8 am and 
11 am (1 hour after meal) and the result was expressed 
as mean value of two determinations. Serum PRL levels 
were measured using ECLIA Elecsys Prolactin (Roche Di-
agnostics, Elecsys 2010 analyzer); reference range (non-
pregnant women) were from 5.0 to 24.0 ng/ml. For 30.9 
ng/ml, within-run precision, coefficient of variation (CV) 
was 2.5% and total CV was 4.1%.

All plasma samples were stored at -70°C.

Statistical analysis

Results are expressed as mean values, standard deviation 
(SD). Results of all investigated parameters in the study 
group before treatment and the control group were com-
pared, as well as the results of the study group before and 
after treatment of hypeprolactinemia by using Student’s T 
test. The value of p<0.05 was considered to be statistically 
significant. The incidence of nonparametric variables was 
compared using Fisher’s Exact test. The correlation be-
tween PRL level and hemostatic parameter values as well 
as the correlation between BMI and hemostatic parameters 
values obtained before and after therapy were examined; 
the correlation coefficient r>0.3 either positive or negative 
was considered moderately and r>0.7 highly statistically 
significant.
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RESULTS

Pretreatment PRL levels were significantly higher in pa-
tients than in controls (140.90±42.87 vs. 12.53±4.05 ng/ml; 
p<0.001) (Table 1). BMIs in the patients before treatment 
and controls were within the normal range, but significant-
ly higher in the patients (25.25±4.00 vs. 21.06±1.99 kg/m2; 
p<0.001), (Table 1). We found no correlation between the 
level of PRL and BMI (r=0.21). There were no differences 
in age and smoking between the patients and controls. All 
participants had normal blood pressure, glucose levels and 
platelet count.

Before treatment of hyperprolactinemia, aPTT was 
within normal range and with no difference between 
the patients and controls (26.31±3.29 vs. 25.29±1.81 s; 
p=0.30), (Table 2).

Pretreatment values of PT in the patients and controls 
were within referent ranges, but significantly prolonged 
in the patients compared to controls (13.53±1.39 vs. 
12.65±0.53 s; p=0.03), (Table 2). No correlation between 
PT and PRL (r=-0.21) was found. TT was significantly 
shorter in the hypeprolactinemic patients than in controls 
(14.34±4.52 vs. 17.21±1.35 s; p<0.025), (Table 2). The cor-
relation between TT and PRL was positive and slightly 
significant (r=0.47). No correlation between TT and BMI 
was found (r=0.01).

Mean D-dimer values in the hyperprolactinemic pa-
tients before treatment with dopamine agonists were above 
normal range and significantly higher than in the controls 
(239.47±107.93 vs. 131.27±50.64 ng/ml, p=0.002), (Table 
2). The values of D-dimer and PRL showed positive cor-
relation (r=0.30).

The values of vWFAg in the hypeprolactinemic pa-
tients were not significantly different from the control 
group (100.93±31.46% vs. 97.20±22.05%; p=0.71), (Table 
2). There was no correlation between vWFAg and PRL 
(r=-0.04).

The mean values of fibrinogen in the patients before 
treatment and controls were within the normal range, 
and were not different between the patients and controls 
(3.20±1.41 vs. 2.94±1.15 g/l, p=0.15), (Table 2).

Elevated PRL levels before therapy normalized after 
treatment (140.90±42.87 vs. 16.14±12.36 ng/ml; p<0.001), 

(Table 2). After treatment, BMI in the patients was de-
creased significantly (25.25±4,00 vs. 24.72±4.06 kg/m2; 
p<0.02), (Table 2). BMI in the patients after therapy and 
controls was similar (24.72±4.06 vs. 21.06±1.99 kg/m2; 
p=0.29), (Table 2).

There was no difference in aPTT values neither before 
(26.31±3.29 vs. 25.25±3.08 s; p=0.146) nor after treatment 
(25.25±3.08 vs. 25.29±1.81 s; p=0.96), (Table 2) as com-
pared to the controls.

PT was statistically significantly shorter after therapy 
(13.53±1.39 vs. 12.69±0.65 s; p<0.02), (Table 2). Changes 
in PT values did not correlate with changes in PRL lev-
els (r=-0.068) nor with changes in BMI values (r=-0.25). 
PT values in the patients after therapy and controls were 
similar (12.69±0.65 vs. 12.65±0.53 s; p=0.88), (Table 2).

TT did not differ before and after treatment (14.34±4.52 
vs. 15.17±1.55 s; p=0.48), (Table 2). TT values did not cor-
relate with changes in PRL levels during therapy (r=-0.094) 
nor with changes in BMI values (r=-0.001). Although 
TT was in the normal range in the patients after thera-
py it remained significantly shorter than in the controls 
(15.17±1.55 vs. 17.21±1.35 s; p<0.0001), (Table 2).

Mean D-dimer values were above the normal range and 
they significantly decreased after therapy (239.47±107.93 
vs. 146.60±39.15 ng/ml; p<0.001), (Table 2). The change 
in D-dimer values significantly correlated with the change 
in PRL levels after therapy (r=0.62), (Graph 1), but not 
with changes in BMI (r=-0.09). No difference was found 

Table 2. Prolactin, BMI and hemostatic system values (mean±SD) in hypeprolactinemic patients before and after therapy with dopamine 
agonists and controls

Variable
Patients (n=15)

Controls (n=15) p# p##
Before therapy After therapy

Prolactin (ng/ml) 140.90±42.87 16.14±12.36 12.53±4.05 0.000** 0.290

BMI (kg/m2) 25.25±4.00 24.72±4.06 21.06±1.99 0.017* 0.004**

aPTT (s) 26.31±3.29 25.25±3.08 25.29±1.81 0.146 0.960

PT (s) 13.53±1.39 12.69±0.65 12.65±0.53 0.019** 0.878

TT (s) 14.34±4.52 15.17±1.55 17.21±1.35 0.484 0.001**

D-dimer (ng/ml) 239.47±107.93 146.60±39.15 131.27±50.64 0.001** 0.360

vWFAg (%) 100.93±31.46 93.87±23.63 97.20±22.05 0.280 0.690

Fibrinogen (g/l) 3.20±1.41 3.49±0.83 2.94±1.15 0.500 0.150

* p#<0.05 compared with pretreatment values
** p#<0.01 compared with pretreatment values
* p##<0.05 compared between patients after therapy and controls

aPTT – activated partial thromboplastin time; PT – prothrombin time; TT – thrombin time; vWFAg – von Willebrand factor antigen

Table 1. Clinical characteristics of patients with hyperprolactinemia 
before therapy and controls

Variable Patients
(n=15)

Controls
(n=15) p

Prolactin (ng/ml) 140.90±42.87 12.53±4.05 0.001**

BMI (kg/m2) 25.25±4.00 21.06±1.99 0.001**

Age (years) 31.07±6.69 33.27±7.04 0.390

Systolic BP (kPa) 15.47±1.31 14.84±1.02 0.079

Diastolic BP (kPa) 9.87±1.10 9.67±1.20 0.344

No. of smokers (%) 4 (26.66) 5 (33.33) 1.00#

Values are expressed as mean value ± standard deviation and as number of 
patients with percent.
* p<0.05 compared patients and controls
** p<0.01 compared patients and controls
# Fisher’s Exact test
n – number of subjects; BMI – Body Mass Index; BP – blood pressure
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in D-dimer levels between the study group after treatment 
and controls (146.60±39.15 vs. 131.27±50.64 s, p=0.36), 
(Table 2).

The level of vWFAg remained unaffected by treat-
ment (100.93±31.46 vs. 93.87±23.63%; p=0.28), (Table 
2) and was not different compared to the control group 
(93.87±23.63 vs. 97.20±22.05 %; p=0.69), (Table 2).

Fibrinogen level in the patients after therapy remained 
within the normal range (3.20±1.41 vs. 3.49±0.83 g/l; 
p=0.50), (Table 2) with no significant difference between the 
two groups (3.49±0.83 vs. 2.94±1.15 g/l; p=0.15), (Table 2).

DISCUSSION

In our study we showed that D-dimer values were elevated 
in the patients with hyperprolactinemia and decreased 
with normalization of PRL levels. A positive correlation 
was found between PRL changes and D-dimer changes 
during therapy with dopamine agonists. Elevated D-di-
mer levels indicate increased coagulation activation, with 
consecutively increased fibrinolytic system activity, which 
may represent a factor for thrombotic disease. This may 
suggest that PRL per se may have impact on the coagula-
tion activity.

We also found that PT was significantly prolonged in 
patients with hyperprolactinemia in comparison with 
healthy controls and that with normalization of PRL with 
dopamine agonists, it shortened. However, the absence of 
correlation between PRL level and PT before therapy, and 
between changes of PRL levels and changes of PT did not 
favor the role of high PRL on PT.

Shorter TT in the studied group may contribute to the in-
creased risk for the occurrence of thrombotic complication. 
After normalization of PRL levels with dopamine agonist 
therapy, TT did not reach values as in the control group.

No difference in the aPTT values between the patients 
before and after treatment and healthy controls was found. 
The levels of vWFAg and fibrinogen were similar in pa-
tients and controls and did not change after therapy with 
dopamine agonists.

Increased risk of VTE and coronary and peripheral 
arterial disease and stroke co-exist in hypeprolactinemic 
conditions [4, 9]. Wallaschofski et al. [10, 11] have de-
scribed the association between hyperprolactinemic con-
ditions such as pregnancy, prolactinomas and antipsychot-
ic therapy with increased risk of VTE. The same group has 
also demonstrated that PRL levels are increased in patients 
with idiopathic thrombosis [12]. Increased values of PRL 
in patients with stroke and myocardial infarction have also 
been found [13, 14]. Platelet activation is involved in the 
pathogenesis of atherosclerosis and VTE, and might be a 
possible link between these two entities. Platelets under 
normal condition adhere to damaged vessel walls through 
interaction with vWFAg promoting aggregation and for-
mation of hemostatic plug. Platelets also support thrombin 
generation by assembling activated coagulation factors on 
their surfaces. Several studies showed that PRL may be a 
novel potent co-factor for platelet aggregation [10, 15-18]. 
On the other hand, Atmaca et al. [19] investigated whether 
platelet activity is increased by hyperprolactinemia dur-
ing pregnancy as reflected by β-thromboglobulin level. 
They found that platelet activity during pregnancy was 
comparable to non-pregnant state, therefore no significant 
effect of PRL on platelet function in vivo was observed. 
Mon SY et al. [20] did not find a significant rate of deep 
vein thrombosis, pulmonary embolism and cerebrovas-
cular accidents in prolactinoma patients. According to 
these results they concluded that hyperprolactinemia per 
se did not appear to predispose to hypercoagulable state. 
Unfortunately, this study had some limitations and further 
examinations are needed.

A recently published study suggest that hypeprolac-
tinemia presents proinflamatory and procoagulant state 
[21].

As previously stated, a direct effects of PRL on coagula-
tion has not been investigated thoroughly [4, 9]. Study of 
Erem et al. [22] suggested a potential mechanism for hy-
percoagulability in patients with hyperprolactinemia. They 
found that platelets, fibrinogen, antithrombin III, plasmin-
ogen activator inhibitor and the ratio of plasminogen acti-
vator inhibitor to tissue plasminogen activator were signif-
icantly increased in patients with prolactinoma. However, 
there are some data on the possible indirect impact of high 
PRL on the parameters of the hemostatic system. Hyperp-
rolactinemia stimulates hematopoesis [23-26] and has an 
impact on growth factors, for example vascular endothe-
lial growth factor (VEGF) [27]. Furthermore, it is known 
that hyperprolactinemia is associated with a low level of 
inflammation, dyslipidemia, endothelial dysfunction [7, 
8, 21] as well as some disturbances in glucose metabolism 
[28] all of which indirectly effect the hemostatic system. 
When studying coagulations in patients treated with dopa-
mine agonists, then the inhibitory effects of bromocriptine 
on vascular smooth muscle cell proliferation as well as the 
effect of cabergoline on vascular permeability controlling 
the secretion of VEGF must be taken into account [29, 30]. 
The effects of dopamine agonists on the vascular system in 
prolactinomas have not been sistematicaly studied. Mon 
et al. [20] did not find significant differences in throm-

Graph 1. The regression curve (∆ D-dimer=1.38+0.02x ∆ PRL), (solid 
line) and 95% confidence interval (dotted line) presents the correla-
tion between changes in D-dimer (∆ D-dimer) and changes in PRL (∆ 
PRL) in patients with prolactinomas after dopamine agonists therapy
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boembolic events between prolactinoma patients treated 
by dopamine agonists or surgery. According to that find-
ing, any influence of dopamineregic therapy on the risk of 
thromboembolic events was excluded, but further studies 
are needed.

CONCLUSION

Prethrombotic state in patients with hyperprolactinemia 
is of complex origin, with increased level of thrombin gen-
eration determined by elevated D-dimer levels, along with 

endothelial dysfunction and increased platelet reactivity. 
Possible effects of dopamine agonists themselves have re-
main unsolved. Furthermore, the role of anticoagulants in 
the prothrombotic state of hyperprolactinemia needs to be 
addressed in future studies.
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КРАТАК САДРЖАЈ
Увод Ути цај про лак ти на на ко а гу ла ци о ни и фи бри но ли тич-
ки си стем је ма ло про у ча ван до сад.
Циљ ра да Циљ ове сту ди је је био да ис пи та ути цај хи пер-
про лак ти не ми је на па ра ме тре хе мо ста зног си сте ма и ак ти-
ва ци ју ко а гу ла ци о ног си сте ма.
Ме то де ра да Од ре ђи ва ли смо ни вое про лак ти на у се ру му 
и вред но сти ак ти ви са ног пар ци јал ног тром бо пла стин ског 
вре ме на (aPTT), про тром бин ског вре ме на (PT) и тром бин-
ског вре ме на (TT), ни вое D-ди ме ра, ан ти ген Фон Ви ле бран-
до вог (von Wil le brand) фак то ра (vWFAg) и фи бри но ге на у се-
ру му 15 мла дих же на с про лак ти но мом пре и по сле ле че ња 
хи пер про лак ти не ми је и 15 здра вих же на кон трол не гру пе.
Ре зул та ти Као што се и оче ки ва ло, ни вои про лак ти на пре 
ле че ња су код ис пи та ни ца с хи пер про лак ти не ми јом би ли 
ста ти стич ки зна чај но ви ши не го код ис пи та ни ца кон трол не 
гру пе (140,±42,87 пре ма 12,53±4,05 ng/ml; p<0,001). PT, ма да 
и да ље у окви ру нор мал них вред но сти, би ло је про ду же но 
код же на с хи пер про лак ти не ми јом у по ре ђе њу с кон трол-
ном гру пом (13,53±1,39 пре ма 12,65±0,53 s; p=0,03), али се 
нор ма ли зо ва ло по сле ле че ња (12,69±0,65 пре ма 12,65±0,53 

s; p=0,88). Иако у окви ру ре фе рент них вред но сти, TT је би ло 
ста ти стич ки зна чај но кра ће код же на с хи пер про лак ти не ми-
јом не го код ис пи та ни ца кон трол не гру пе, ка ко пре те ра пи-
је (14,34±4,52 пре ма 17,21±1,35 s; p<0,025), та ко и по сле ње 
(15,17±1,55 пре ма 17,21±1,35 s; p<0,0001). Вред но сти D-ди-
ме ра су пре ле че ња код же на с хи пер про лак ти не ми јом би ле 
из над гор ње гра ни це нор мал них вред но сти (239,47±107,93 
пре ма 131,27±50,64 ng/ml; p=0,002), а нор ма ли зо ва ле су се 
по сле те ра пи је (239,47±107,93 пре ма 146,60±39,15 ng/ml; 
p<0,001). Из ме ђу ни воа D-ди ме ра и про лак ти на уоче на је 
по зи тив на ко ре ла ци ја (r=0,30), а про ме не ни воа D-ди ме ра у 
се ру му има ле су ста ти стич ки зна чај ну, по зи тив ну, ко ре ла ци ју 
с про ме на ма про лак ти на у се ру му то ком ле че ња же на од хи-
пер про лак ти не ми је (r=0,62). Вред но сти aPTT, vWFAg и фи бри-
но ге на би ле су слич не код бо ле сни ца и здра вих ис пи та ни ца.
За кљу чак По ве ћа но ства ра ње тром би на уоче но у на шем 
ис пи ти ва њу, ко је се огле да ло у по ви ше ним вред но сти ма 
D-ди ме ра, мо гло би би ти фак тор ко ји до при но си про тром-
бо зном ста њу же на с хи пер про лак ти не ми јом.
Кључ не ре чи: хи пер про лак ти не ми ја; хе мо стат ски си стем; 
ко а гу ла ци ја
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