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ABSTRACT

Increased mortality due to atherosclerotic cardiovascular disease has been described in adult patients with hypopituitarism,
although the precise underlying mechanisms remain undetermined. Various abnormalities of coagulation and fibrinolysis oc-
cur in patients with thyroid diseases. Conversely, there are conflicting reports concerning the effects of growth hormone rep-
lacement on coagulation and fibrinolytic pathways in hypopituitary adults, and there is no existing data on the effects of
hypocortisolism on thrombotic and fibrinolytic systems. The same controversial data were also obtained in studies which
evaluate the effects of estrogen replacement therapy on cardiovascular events in post-menopausal women. The aim of this
study was to investigate the effects of Sheehan’s syndrome (SS), which is a common cause of hypopituitarism, on haemos-
tatic factors and to assess the effects of L-thyroxin, prednisolone and conjugated estrogen / medroxyprogesterone acetate
replacement on these factors. Prothrombin time (PT), activated thromboplastin time (aPTT), fibrinogen and D-dimer levels,
and von-Willebrand factor (vWF) activity were compared among 32 patients with SS and 35 control subjects (CS) with simi-
lar age. A shorter PT and aPTT, higher fibrinogen and d-dimer levels, and similar vWF activity were determined in patients
with SS as compared with CS. In addition, it was determined that hormone replacement treatment did not have a signifi-
cant effect on coagulation parameters except the fibrinogen and d-dimer levels.
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INTRODUCTION
Increased mortality due to atherosclerotic cardi-
ovascular disease has been described in adult pati-
ents with hypopituitarism, although the precise un-
derlying mechanisms remain undetermined. Hypo-
pituitarism is associated with a cluster of cardiovas-
cular risk factors including unfavorable body com-
position, dyslipidemia, reduced insulin sensitivity
and endothelial dysfunction.1-4 These findings are
also observed in patients with Sheehan syndrome
(SS). SS, which is a common cause of hypopituita-
rism in developing countries, related with impaired
endothelial function and replacement of thyroid
and glucocorticoid hormones resulted in improve-
ment in deteriorated endothelial functions.5 Various
abnormalities of coagulation and fibrinolysis occur
in patients with thyroid diseases, and may range
from subclinical laboratory abnormalities to clini-
cally significant disorders of coagulation and ra-
rely, major haemorrhage or thromboembolism.6

Thyroid hormones exert effects on different levels
of the haemostatic system, such as modulation of
fibrinolytic activity and coagulation proteins. Alt-
hough several reports demonstrated an association
of thyroid function and plasma coagulant protein
levels, the direction of this relation is still debatab-
le.7-11 Likewise, there are conflicting reports concer-
ning the effects of growth hormone (GH) replace-
ment on coagulation and fibrinolytic pathways in
hypopituitary adults.12,13 There are no existing data
about the effects of hypocortisolism on thrombotic

and fibrinolytic system, however the effect of Cus-
hing syndrome is well established.14 The same cont-
roversial data were also obtained in studies which
evaluate the effects of estrogen replacement the-
rapy on cardiovascular events, and on coagulation
factors in post-menopausal women.15 Probably sin-
ce hypopituitarism is a heterogeneous condition
arising from a variety of underlying disorders and
characterized by multiple coexisting pituitary hor-
monal deficiencies, diverse results were determined
in different studies.

The aim of this study was to investigate the effects
of Sheehan’s syndrome (SS), which is a common
cause of hypopituitarism, on haemostatic factors
and to assess the effects of L-thyroxin, prednisolo-
ne and conjugated estrogen / medroxyprogesterone
acetate replacement on these factors. The markers
selected for this study were located in different
parts of the coagulation / fibrinolytic pathway.
Prothrombin time (PT) and activated partial throm-
boplastin time (aPTT) are basic coagulation tests
which determine the integrated actions of the majo-
rity of coagulation factors in extrinsic and intrinsic
path-ways of blood coagulation cascade. Previous
studies have demonstrated that pituitary deficiency
in-fluences intrinsic and extrinsic coagulation path-
ways and the synthesis of vitamin K dependent co-
agulation factors in rats.16 VonWillebrand factor
(vWF) mediates platelet adhesion, acts as the carri-
er protein for coagulation factor VIII, and is consi-
dered as a reliable marker of endothelial dysfuncti-
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ÖZET

Sheehan Sendromlu Hastalarda Protrombin Zaman›, Aktive Tromboplastin Zaman›, Fibrinojen ve D-Dimer
Düzeyleri, vonWillebrand Faktör Aktivitesi ve Hormon Replasman Tedavisinin Bu Faktörler Üzerinde Etkileri

Alt›nda yatan esas mekanizma çok aç›k olmasa da eriflkin hipofiz yetersizliklerinde aterosklerotik kalp hastal›klar› ile iliflki-
li mortalitede art›fl oldu¤u bilinmektedir. Tiroid hastal›klar›nda çaflitli koagülasyon ve fibrinolizis anormallikleri oluflmaktad›r. Bu-
na karfl›n hipofizer yetersizliklerde büyüme hormonu replasman›n›n koagülasyon ve fibrinolizis üzerine etkilerine dair eldeki ve-
riler çeliflkilidir, kortizolün etkilerine iliflkin veriler ise oldukça k›s›tl›d›r. Benzer flekilde menopoz sonras› kad›nlarda östrojen rep-
lasman›n›n kardiyovasküler olaylar üzerine etkilerine dair veriler de oldukça çeliflkilidir. Bu çal›flman›n amac› hipofizer yetersiz-
li¤in s›k nedenlerinden Sheehan sendromunun (SS) hemostatik fakörler üzerine etkilerini incelemek ve L-tiroksin, prednizolon
ve konjuge östrojen / medroksiprogesteron asetat replasman›n›n bu faktörlere etkilerini araflt›rmakt›r. 32 SS hastas› ve yafl-
lar› benzer 35 kontrolde protrombin zaman› (PT), aktive tromboplastin zaman› (aPTT), fibrinojen düzeyi, D-dimer düzeyi ve
von willebrand faktör (vWF) aktivitesi karfl›laflt›r›ld›. Sonuçta SS hasta grubunda kontrol grubuna göre daha k›sa PT ve aPTT,
daha yüksek fibrinojen ve d-dimer düzeyleri ve benzer vWF aktivitesi oldu¤u saptand›. ‹lave olarak hormon replasman teda-
visinin bu koagulasyon faktörlerinden fibrinojen ve d-dimer düzeyleri d›fl›nda di¤erleri üzerinde belirgin bir etkileri olmad›¤›n›
saptad›k.

Anahtar Kelimeler: Koagulasyon, Hemostaz, Sheehan sendromu, Hipofizer yetersizlik



on. Fibrinogen acts on blood viscosity, platelet agg-
regation, and fibrin formation. D-dimer, a fibrin
degradation product, is a marker not only of throm-
bin generation but also of cross-linked fibrin turno-
ver.

PATIENTS AND METHODS
Thirty-two consecutive females with SS aged 24 to
55 years (median 42 years) and 35 healthy female
CS (median age 41, range 26 to 53 years) with si-
milar age- and body mass index (BMI) who were
admitted to Dicle University, Faculty of Medicine,
Department of Internal Diseases between 2003 and
2006 were included in the study. All the CS were
selected as healthy females to exclude the sexual
and hormonal differences, and were mainly staff
members, their relatives or friends. The diagnosis
of SS was established with medical history, physi-
cal examination and dynamic hormonal evaluati-
ons, and was confirmed with magnetic resonance
imaging of the pituitary gland. All patients were
amenorrheic and had panhypopituitarism. Patients
with diabetes, metabolic syndrome, dyslipidemia,
coronary or chronic liver disease, using drugs
which may affect coagulation tests such as antico-
agulants or antiaggregants, and with a history of
thromboembolic disease and smoking were exclu-
ded. Informed written consent was obtained from
all participants.

Blood pressure (BP) of all participants was measu-
red at rested spine in climatized room at 220C. BMI
of patients were calculated as kg/m2. All blood
samples for coagulation tests were drawn from the
cubital vein after applying short venous pressure in
tubes containing 3.2% buffered sodium citrate (vo-
lume of blood: volume of citrate= 9:1). The tube
was immediately centrifuged at 3000 g for 10 mi-
nutes at room temperature to obtain cell and plate-
let free plasma. PT, aPTT, fibrinogen, d-dimer le-
vels and vWF activity were assayed on the ACL
TOP (Instrumentation Laboratory, Milan, Italy)
employing proprietary Instrumentation Laboratory
reagents (RecombiPlasTin for PT with an Internati-
onal Sensitivity Index of 0.810, ShyntASil for
aPTT and Fibronogen-C XL, Clauss method for
fibrinogen determinations, respectively). D-dimer
was measured employing the new D-dimer quanti-
tative automated latex-enhanced immunoassay on

the ACL TOP (Instrumentation Laboratory). Calib-
rations were performed according to the instructi-
ons provided by the manufacturers. After drawing
basal blood samples of patients and CS, all patients
received 5-7.5 mg/day prednisolone, 100-200
µg/day L-thyroxine, and conjugated estrogen
(0.625 mg/day, 1-21 days) and medroxyprogestero-
ne acetate (5 mg/day, 11-21 days) for 12 months.
The same coagulation parameters were re-assessed
at the end of the follow-up period.

Statistical Analysis: Paired sample t test was used
for evaluation of pre- and post-treatment parame-
ters (BMI, mean BP, PT, aPTT, fibrinogen); p<0.05
was accepted as the statistical significance. Wilco-
xon signed ranks test was used to evaluation of pre-
and post-treatment d-dimer levels and Mann Whit-
ney U test was used to evaluation of pre- and post-
treantment d-dimer levels of patients and control
subjects.

RESULTS
The median age of patients with SS was 42 years
(ranged 24 to 55 years), and the median age of CS
was 41 years (ranged 26 to 53 years). There was no
statistically significant difference between the me-
dian ages of patients with SS and CS. The mean
BMI of patients was 25.66 ± 2.8 kg/m2 at the time
of admission; it was 26.44 ± 2.8 kg/m2 at the end of
follow-up period, and the mean BMI of CS was
25.52 ± 2.6 kg/m2. There were no statistically signi-
ficant differences between the BMI of patients and
CS both at the time of admission and after treat-
ment, although the mean BMI of patients increased
with the treatment (p= 0.002). The mean arterial
blood pressure (BP) of patients with SS was 76.38
± 9.8 mmHg before the treatment; it was 81.10 ±
7.5 mmHg after the treatment, and of CS it was
89.73 ± 8.5 mmHg. There were statistically signifi-
cant differences between the mean BP of patients
with SS and CS both at the time of admission and
at the end of the follow-up period; and there also
was a statistically significant difference between
the pre-treatment and post-treatment mean BP of
patients (p< 0.0001, p< 0.0001 and p= 0.02, respec-
tively).

The mean PT of patients was 11.54 ± 1.2 sec (ran-
ge: 9.14 to 15.27 sec) before the treatment, was
12.43 ± 1.1 sec (range: 10.21 to14.94 sec) after the
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treatment, and of the CS it was 12.57 ± 1.2 (range:
10.10 to 15.21 sec). There was a statistically signi-
ficant difference between the pre-treatment PT va-
lues of patients and CS (p= 0.002) and between the
pre-treatment and post-treatment values of the pati-
ents (p= 0.008). The mean prothrombin values inc-
reased to the normal value with the treatment and
the difference disappeared (p= 0.946). The mean
aPTT of patients was 32.47 ± 2.2 sec (range: 28.80

to 38.62 sec) before the treatment, was 31.89 ± 1.9
sec (range: 30.24 to 39.21 sec) after the treatment,
and of the CS it was 36.89 ± 3.3 sec (29.7 to 44.3
sec). A statistically significant difference was de-
tected between the patients and the CS in both the
initial and the post-treatment aPTT values (p<
0.0001). The treatment did not cause any differen-
ce in aPTT of patients with SS (p= 0.316). The me-
an fibrinogen level of patients was 364 ± 89 mg/dL
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Table 1. Comparisons of coagulant factors of patients with Sheehan syndrome before treatment (BT) and after treatment (AP),
and control subjects (CS)

Group p

BT AT CS BT vs CS
AT vs CS

(n=32) (n=35) BT vs AT

BMI (kg/m2) 25.66±2.8 26.44±2.8 25.52±2.6 NS

NS

0.002

Mean BP (mmHg) 76.38±9.8 81.10±7.5 89.73±8.5 <0.0001

<0.0001

0.02

PT (sec) 11.54±1.2 12.43±1.1 12.57±1.2 0.002

0.008

NS

aPTT (sec) 32.47±2.2 31.89±1.9 36.89±3.3 <0.0001

<0.0001

NS

Fibrinogen (mg/dL) 364±89 341±104 316±56 0.007

NS

NS

d-dimer (median) 4 (min 2 -max 35) 2 (min 2- max 38) 1 (min 1-max 6) <0.0001

<0.0001

<0.0001

NS

vWF activity (%) 70±21 74±19 69±21 NS

NS

NS

BT: Before treatment, AT: After treatment, CS: Control subjects, BP: Blood pressure, BMI: Body mass index, PT: Prothrombin time, aPTT: Ac-
tivated partial thromboplastin time, vWF: vonWillebrand factor, NS: Not significant.



(range: 206 to 654 mg/dL) before the treatment,
was 341±104 mg/dL (ranged 188 to 652 mg/dL) af-
ter the treatment, and of the CS it was 316 ± 56
mg/dL (range: 189 to 412 mg/dL). There was a sta-
tistically significant difference between the pre-tre-
atment mean fibrinogen level of patients with SS
and CS (p= 0.007). This difference disappeared
with the treatment. There was no statistical signifi-
cant difference between the post-treatment mean
fibrinogen levels of patients and the CS (p= 0.152),
and also between the pre-treatment and the post-tre-
atment mean fibrinogen levels of patients (p=
0.083). Median d-dimer level was 4 (2-35) before
the treatment, was 2 (2-38) after the treatment, and
of the CS it was 1 (1-6). A statistically significant
difference was detected between the patients and
the CS in both the initial and the post-treatment d-
dimer values (p< 0.0001). And the treatment resul-
ted with statistically significant decrement in d-di-
mer levels of patients with SS (p< 0.0001). Mean
vWF activity was 70 ± 21% (ranged 47 to 135%)
before the treatment, was 74 ± 19% (ranged 46 to
122 %) after the treatment, and of the CS it was 69
± 21% (ranged 41 to 133%). There was no statisti-
cally significant difference between the pre-treat-
ment mean vWF activity level of patients and the
CS, between the post-treatment mean vWF activity
level and CS, and also between the pre-treatment
and the post-treatment mean vWF activity level of
patients with SS (p= 0.646, p= 0.859 and p= 0.443,
respectively).

Coagulant factors of patients with SS and of CS at
baseline and after the treatment and their compari-
sons are shown in Table 1.

DISCUSSION
Patients with SS have a shorter PT and aPTT, hig-
her fibrinogen and d-dimer levels, and similar vWF
activity compared to healthy subjects. Additionally,
hormone replacement treatment consisting of L-
thyroxin, prednisolone and conjugated estrogen /
medroxyprogesterone acetate did not result in cor-
rection of these coagulation parameters except fib-
rinogen and d-dimer levels. Fibrinogen level decre-
ased to its normal value after hormone replacement.
D-dimer levels decreased significantly with the tre-
atment but the decrement did not reached to the le-
vels of healthy control subjects.

Hypopituitarism results in deficiencies of many
hormones and it is not easy to determine the real ca-
use of the haemostatic changes. Most studies focu-
sed on the effects of thyroid and growth hormones
on plasma proteins and blood viscosity, but the re-
sults are often contradictory. Mostly, hypocoagu-
lable states have been described in the literature in
patients with hypothyroidism. Mild mucocutaneous
bleeding (epistaxis, gum bleeding, menorrhagia,
bruising), but also, rarely, severe post-traumatic
and post-surgical bleeding may occur.17 FVIII and
vWF have been found to be decreased in patients
with overt hypothyroidism.18,19 Franchini et al.20 stu-
died this association between vWF and hypothyro-
idism in detail. First, they screened 131 consecuti-
ve subjects with low vWf levels for thyroid hormo-
ne levels.20,21 Eight of the 131 individuals (6.1%)
with low vWF levels had a concomitant subclinical
hypothyroidism as documented by normal thyroid
hormone levels, and raised TSH concentrations.
Three of them (37.5%) had bleeding symptoms.
Thyroid hormone replacement therapy showed that
haemostatic parameters had returned to normal in
all patients. Second, they studied 1342 consecutive
patients with various thyroid diseases who were
candidates for thyroid surgery.22 A preoperative
screening including prothrombin time, activated
partial thromboplastin time and platelet function
analyser (PFA-100) identified 39 patients (2.9%)
with abnormalities. Of these, 35 had von Willeb-
rand’s disease (type 1 in 33 cases and type 2A in 2
cases). However, all these patients were euthyroid
at the time of the screening. The reduced level of
several coagulation factors in hypothyroid patients
has been attributed to the generalized decrease of
protein synthesis. However, an old but well-desig-
ned study performed in patients with myxoedema
showed a reduced clearance of factors II, VII, IX
and X from plasma.23 This might lead to higher con-
centration of coagulant in hypothyroidism. Re-
cently, increased fibrinogen and d-dimers8,24, and
FVII:C/FVII:Ag25 were reported in patients with
overt hypothyroidism, suggesting a hypercoagulab-
le state. In contrast, Burggraaf et al.9 have reported
that excess T3 was associated with elevated levels
of fibrinogen, whereas plasminogen was decreased.
Moreover, the level of tissue plasminogen activator
in hyperthyroidism was reduced, and fibrinolytic
activity decreased due to vascular endothelial
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dysfunction compared with control patients.10 Inte-
restingly, patients with moderate hypothyroidism,
who were consistently shown to be at high risk for
cardiovascular disease, have decreased fibrinolytic
activity.26 In the current study, the decreased PT and
aPTT may be related with increased levels of co-
agulants such as fibrinogen and fibrin degradation
products (d-dimer), which is caused by its decre-
ased clearance. L-T4 replacement resulted in decre-
ased fibrinogen and d-dimer levels, probably due to
increase in its clearance, but PT and aPTT did not
reach normal levels. Some different coagulation
factors or other replaced hormones such as estrogen
may be responsible for these results.

Growth hormone deficiency (GHD) has been con-
sidered the main underlying factor influencing inc-
reased mortality of hypopituitary patients. While
many other factors, such as excessive glucocortico-
id or thyroxine replacement, can contribute to the
increased cardiovascular mortality, the direct effect
of GHD is highly likely. GHD produces negative
effects on cardiovascular function, directly on the
heart and endothelium and indirectly via its impact
on hypercoagulability, abdominal obesity, insulin
resistance, serum lipids, atherosclerosis, decreased
exercise performance, pulmonary capacity, and en-
dothelial function.27 A small number of studies ha-
ve shown higher levels of fibrinogen, plasminogen
activator inhibitor 1 (PAI-1), and tissue plasmino-
gen activator antigen (tPA) in patients with GHD
compared with controls.12,28,29 There has been relati-
vely less study of the effects of GH replacement on
haemostatic markers, and these studies have yiel-
ded variable results. Recent data in hypopituitary
adults with GHD do suggest elevated levels of both
fibrinogen and vWF with positive correlations ob-
served between other surrogate markers of endothe-
lial dysfunction. Conversely, acute blocking GH ac-
tion in healthy males using the GH receptor antago-
nists, pegvisomant, led to reduction in vWF le-
vels.30-32 Smith et al.33 have demonstrated elevated
levels of the haemostatic markers, vWF, factor VI-
II, and fibrinogen in patients with GHD despite
stable physiological GH replacement, suggesting
perturbation of endothelial function and the persis-
tence of a prothrombotic tendency. In contrast, Go-
mez et al.34 studied the peripheral fibrinolytic mar-
kers, inflammatory cytokines and endothelial func-
tion in hypopituitary adults with GHD, and they

suggested that these patients do not present an ab-
normal coagulation activation reflected even in a
moderate decrease in the d-dimer in untreated
GHD. Miljic et al.16 evaluated the changes in PT
and aPTT during replacement therapy with human
recombinant GH in GHD adults. They found no
statistically significant differences in fibrinogen le-
vel, PT and aPTT values between patients and he-
althy controls. In the current study, we found a sta-
tistically significant difference in fibrinogen and d-
dimer levels, PT and aPTT in patients with SS com-
pared with controls with similar age- and BMI. It is
not easy to determine the main etiological cause of
this result because of the deficiencies of several
hormones which may effect the coagulation factors.
However, the correction of fibrinogen levels and
decrement of d-dimer with hormone replacement
therapy consisting of L-thyroxine, prednisolone,
and conjugated estrogen / medroxyprogesterone
acetate suggested that the effect of thyroid hormo-
nes may be important. Another limitation of our
study is the inability to perform GH replacement
because of economical status of our country. There-
fore, we could not evaluate the effects of GH on co-
agulation system. 

Adrenal insufficiency is not commonly complica-
ted by bleeding or thrombotic episodes. An associ-
ation with the anti-phospholipid syndrome (APS)
has been described.35,36 Adrenal failure is present in
10%-26% of patients with catastrophic APS. The
pathophysiologic mechanism is not clearly unders-
tood, but an adrenal vein thrombosis could provoke
an adrenal haemorrhagic infarction.37

Reduction in levels of sexual hormones is associ-
ated with an increased risk of coronary heart dise-
ase as a result of changes in lipid profile, clotting
and fibrinolytic factors, and vessel function, all of
which are likely to be caused by the loss of estro-
gen protection. Menopause is associated with ele-
vated levels of coagulation factors such as factors
VII and VIII in addition to fibrinogen. Similar re-
sults may be expectable in hypopituitarism, despite
lack of clinical data on patients with SS.38

In conclusion, we found a shorter PT and aPTT,
higher fibrinogen and d-dimer levels, and similar
vWF activity that may result in a hypercoagulable
state in patients with SS compared to healthy sub-
jects. The most possible causes are decreased cle-
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arance of coagulant factors, increased fibrinogen
and d-dimers, and FVII:C/FVII:Ag due to hypothy-
roidism; higher levels of fibrinogen, plasminogen
activator inhibitor 1 (PAI-1), and tissue plasmino-
gen activator antigen (tPA) of patients with GHD,
patients with SS or elevated levels of coagulation
factors such as factors VII and VIII in addition to
fibrinogen due to ovarian hypoactivity compared
with controls. Larger scale studies are needed to
clarify the main pathogenetic mechanisms underl-
ying this hypercoagulable state.
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