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Abstract

Background: Various abnormalities of haemostasis have been described in patients with hyperthyroidism. The results of different studies
point to the underlying thyroid disease, especially severity of hyperthyroidism and autoimmune processes, as important factors contribut-
ing to coagulation-fibrinolytic balance. The objective of this study was to investigate the association between hyperthyroidism (concerning
severity of thyroid dysfunction and anti-thyroid perioxidase antibodies level) and plasma fibrinogen and D-dimers levels before and after
radioiodine therapy.

Material and methods: The study included 35 non-smoking, postmenopausal women, aged 51-69, with subclinical or overt hyperthyroidism
treated with radioiodine. Analysis comprised serum TSH (thyroid stimulating hormone), fT4 (free thyroxine), fT3 (free triiodothyronine),
TPO antibodies (anti-thyroid perioxidase) levels, and plasma D-dimers and fibrinogen levels before and 12-16 weeks and 24-28 weeks
after radioiodine therapy.

Results: Elevated fibrinogen (3.82 g/L + 0.75, reference range 2—4.5 g/L) and D-dimers (674.26 ng/mL = 652.71, reference range 70490
ng/mL) levels were observed in subjects with hyperthyroidism. They decreased after radioiodine therapy. A negative correlation between
plasma fibrinogen and D-dimers levels and anti-thyroid perioxidase antibodies level was found. TSH, fT4 and fT3 correlated with D-dimers
level in overt hyperthyroidism.

Conclusions: Hyperthyroidism is associated with a tendency toward hypercoagulation and hyperfibrinolysis. The changes observed in
plasma fibrinogen and D-dimers levels are reversible. Fibrinogen level decreases within reference range and D-dimers level decreases
almost to the upper reference range. They depend on severity and autoimmunity of the underlying thyroid disease and may be modified
by restoring euthyroidism. (Pol J Endocrinol 2011; 62 (5): 409-415)
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Streszczenie

Wstep: U pacjentéw z nadczynnoscia tarczycy opisano rézne zaburzenia hemostazy. Wyniki publikowanych dotychczas prac sugeruja, ze
najwazniejszymi czynnikami, od ktérych zalezy réwnowaga proceséw koagulacji i fibrynolizy, sg stopieni nasilenia choroby tarczycy oraz
procesy autoimmunologiczne. Celem prezentowanej pracy jest ocena stezen fibrynogenu i D-dimeréw w nadczynnosci tarczycy przed
leczeniem i po podaniu "I w zaleznosci od nasilenia choroby i braku lub obecnosci przeciwcial przeciw tyreoperoksydazie.

Material i metody: Do badania wigczono 35 niepalacych kobiet po menopauzie, w wieku 51-69 lat, z subkliniczng lub jawng klinicznie
nadczynnoscig tarczycy, leczonych 1. Badano stezenia tyreotropiny (TSH), wolnej tyroksyny (fT4), wolnej tr6jjodotyroniny (fI3), przeciwciat
przeciw tyreoperoksydazie (anty-TPO) oraz fibrynogenu i D-dimeréw przed leczeniem oraz 12-16 tygodni i 24-28 tygodni po podaniu **'I.
Wyniki: U kobiet z nadczynnoscia tarczycy obserwowano podwyzszone stezenie fibrynogenu (3,82 g/L = 0,75, norma 24,5 g/L) i D-dimeréw
(674,26 ng/mL =+ 652,71, norma 70-490 ng/mL), ktére obnizaly sie po leczeniu "*'I. Stwierdzono ujemna korelacje pomiedzy stezeniem
fibrynogenu i D-dimeréw a stezeniem przeciwcial anty-TPO. U pacjentek z jawna klinicznie nadczynnoscia tarczycy uzyskano dodatnia
korelacje pomiedzy stezeniem TSH, fT4, fT3 a stezeniem D-dimeréw.

Whioski: Nadczynno$¢ tarczycy wigze sie z wiekszg sklonnoscia do koagulagji i fibrynolizy. Stezenie fibrynogenu zmniejsza sie w zakre-
sie wartoéci referencyjnych, natomiast D-dimeréw zmniejszajac sie, osiaga gérny zakres wartosci referencyjnych. Zmiany obserwowane
w stezeniu fibrynogenu i D-dimeréw sa odwracalne. Zalezg od stopnia nasilenia nadczynnosci tarczycy oraz proceséw autoimmunolo-
gicznych, a takze podlegaja modyfikacji po przywréceniu prawidlowej funkgji tarczycy.

(Endokrynol Pol 2011; 62 (5): 409-415)

Stowa kluczowe: nadczynnosc tarczycy, fibrynogen, D-dimery, autoimmunologiczna choroba tarczycy
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Introduction

Thyroid dysfunction may cause mild changes in pri-
mary and secondary haemostasis or lead to clinically
important thrombosis or haemorrhage. It has been
suggested that hyperthyroidism is associated with
hypercoagulability and hypofibrinolysis but there is as
yet little data on subclinical hyperthyroidism [1]. The
direct and indirect effects of excessive thyroid hormones
on thrombocytes, coagulation factors and blood viscos-
ity are responsible for disturbances in coagulation and
fibrinolytic system [1]. Some authors suggest thyroid-
-related autoimmune processes may be involved [2—4]
while others argue that the haemostatic balance is rarely
affected by such mechanisms [5].

Thrombocytopenia in hyperthyroidism is consid-
ered to be a metabolic consequence of thyroid hor-
mone elevation [6] (i.e. thyrotoxicosis may increase the
phagocytic activity of the reticuloendothelial system)
[7, 8]. However, the relationship between autoimmune
thrombocytopenic purpura and hyperthyroidism has
also been described [9, 10].

Hypercoagulability results from the following
biological mechanisms [2, 11-13]: an increased hepatic
protein synthesis [14], an increased acute phase re-
actants synthesis [14-16], an excessive production of
tissue factor [17], an increased thrombin and plasmin
activity [14] and an increased level of the indicators
of endothelial damage (i.e. thrombomodulin and von
Willebrand factor) [13-15, 18].

An excess fluid loss (due to an increased metabolism)
and an increase in blood volume (due to an increase
in red blood cell level) also contribute to hypercoagu-
lability.

Thyroid hormones exert effect on haemostasis
through nuclear receptor by altering gene expression
of many proteins originating from the liver and endo-
thelium [15, 19, 20].

Hyperthyroidism, overt and subclinical, alters the
coagulation-fibrinolytic balance. Various changes have
been described in patients with hyperthyroidism [5].
Several reports have demonstrated high plasma

fibrinogen level in hyperthyroid states [13, 14, 21,
22]. The relation of subclinical hyperthyroidism to the
blood coagulation system has not been extensively
studied. It is suggested that these abnormalities are
independent of the underlying pathophysiology of
thyroid disease [5]. Changes are reported to return to
normal after treatment. Hyperthyroidism is associated
with higher thromboembolic potential [13, 22]. Another
study confirmed the hypercoagulable state in subclinical
hyperthyroidism [20].

The purpose of this study is to evaluate the as-
sociation between type of hyperthyroidism (degree
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of thyroid dysfunction and thyroid autoimmunity),
haemostatic parameters (fibrinogen and D-dimers) and
radioiodine therapy.

Material and methods

35 non-smoking, postmenopausal women aged
51-69 were involved. The mean age was 59 years. We
chose postmenopausal and non-smoking women in
order to include a homogenous group of patients
and to exclude the influence of smoking and effect
of oestrogen on coagulation—fibrinolytic balance. All
patients were hyperthyroid (21 with toxic goitre, six
with autonomous functioning thyroid nodule, seven
with Graves’ disease, and one with toxic goitre and
Graves’ disease). They were divided into subgroups
according to severity of disease. 20 of them pre-
sented with subclinical hyperthyroidism (defined
as TSH < 0.4 ulU/mL and fT4 < 20 pmol/L) and
15 presented with overt hyperthyroidism (defined
as TSH < 0.4 ulU/mL and {T4 > 20 pmol/L). Patients
were also divided into two categories according to
level of anti-thyroid peroxidase antibodies. Anti-TPO
antibodies refer to undergoing autoimmune process-
es. As there is very little data on the type of antibod-
ies and their usefulness in investigating haemostasis
balance in thyroid dysfunction [8], we chose these
antibodies because they are commonly measured in
clinical practice: 27 patients had antibodies within the
norm (< 35IU/mL) and in eight the level of antibod-
ies was elevated (> 35 IU/mL). None of the patients
had a history of concomitant disease that could have
influenced the coagulation-fibrinolytic balance. The
study protocol was approved by the Ethics Committee
for Human Studies of Wroclaw Medical University.
Informed written consent was obtained from all
subjects after explanation of the nature, purpose and
potential risk of the study.

In all patients, levels of TSH, fT4, fT3, TPO antibod-
ies, fibrinogen and D-dimers were measured using
commercial methods (Siemens Immulite 2000 Systems
TSH 3rd Generation, Siemens Immulite 2000 Systems
5T4, Siemens Immulite 2000 Systems ST3, Siemens 2000
Systems ATA for TPO antibodies, Siemens Multifibrin
for fibrinogen and Biomerie Ups. Vidas D-dimer exclu-
sion). The measurements were taken three times: once
before administration of radioiodine, once between
12 and 16 weeks after radioiodine therapy, and
again between 24 and 28 weeks after radioiodine
therapy. Reference ranges were 0.4-4 ulU/mL for
TSH, 9-20 pmol/L for T4, 4-8.3 pmol/L for fT3 and
0-35 IU/mL for TPO antibodies. Reference ranges for
haemostatic parameters were 2—4.5 g/L for fibrinogen
and 70-490 ng/mL for D-dimers.
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Statistical analysis

Results are expressed as mean *+ standard deviation.
Statistical comparisons for study group before and after
treatment were made by Student’s t-test. Differences
were considered statistically significant when p < 0.05
was obtained.

Results

The mean plasma fibrinogen and D-dimers levels in
hyperthyroid women are shown in Figures 1 and 2.

Analysis revealed no association between TSH, fT4
and fT3 and fibrinogen and D-dimers. Plasma fibrino-
gen level measured 12 -16 weeks after treatment was
inversely correlated with TPO antibodies levels mea-
sured at the same time (r = -0.19, p < 0.001).

Plasma D-dimers level measured 24-28 weeks after
treatment was inversely correlated with antibodies
level measured at the same time (r = -0.244, p < 0.001).

To determine if the severity of hyperthyroid-
ism influenced the coagulation-fibrinolytic system,
the 35 hyperthyroid women were divided into two
groups: subclinical (20) and overt (15) hyperthyroidism.
The mean plasma fibrinogen and D-dimers levels in
20 women with subclinical hyperthyroidism are shown
in Figures 3 and 4.

Analysis revealed no association between TSH, T4,
fT3 and fibrinogen and D-dimers.

Plasma fibrinogen level was not associated with TPO
antibodies level.

Plasma D-dimers level measured 12-16 and 24-28
weeks after treatment was negatively correlated with
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Figure 1. Fibrinogen [g/L] in hyperthyroidism
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Figure 2. D-dimers [ng/mL] in hyperthyroidism
Rycina 2. D-dimery [ng/mL] w nadczynnosci tarczycy
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Figure 3. Fibrinogen [g/L] in subclinical hyperthyroidism

Rycina 3. Fibrynogen [g/L] w subklinicznej nadczynnosci
tarczycy

TPO antibodies level measured at the same time
(r=-019,p <0.01;r=-02,p <0.01).

The mean plasma fibrinogen and D-dimers levels in
15 women with overt hyperthyroidism are presented
in Figures 5 and 6.

Analysis revealed no association between TSH, T4,
T3 and fibrinogen.

D-dimers plasma level before radioiodine therapy
was inversely correlated with TSH level (r = -0.13,
p < 0.01), positively correlated with fT4 level (r = 0.4,
p < 0.01) and did not correlate with T3 level (r = 0.09,
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Figure 4. D-dimers [ng/mL] in subclinical hyperthyroidism

Rycina 4. D-dimery [ng/mL] w subklinicznej nadczynnosci
tarczycy

p < 0.01). Both plasma fibrinogen and D-dimers levels
were correlated with TPO antibodies level (Tables I, II).

The difference in plasma fibrinogen and D-dimers
levels between women with hyperthyroidism, subclini-
cal hyperthyroidism and overt hyperthyroidism was
statistically non-significant. Analysis revealed no cor-
relation between fibrinogen, D-dimers level and dose
of radioiodine.

Discussion

The aim of our study was to investigate changes in
coagulation and fibrinolysis in various types of hyper-
thyroidism. Our data showed plasma fibrinogen level in
the upper laboratory range in subjects before treatment,
which was in agreement with previous studies. The
same results were obtained by Burggraaf et al. [14]. In
their study on endothelial function in patients with
hyperthyroidism, they found that fibronectin and fi-
brinogen levels were increased. Erem et al. investigated
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Figure 5. Fibrinogen [g/L] in overt hyperthyroidism

Rycina 5. Fibrynogen [g/L] w jawnej klinicznie nadczynnosci
tarczycy
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Figure 6. D-dimers [ng/mL] in overt hyperthyroidism

Rycina 6. D-dimery [ng/mL] w jawnej klinicznie nadczynnosci
tarczycy

Table I. Correlation between fibrinogen and anti-TPO in overt hyperthyroidism

Tabela 1. Korelacja pomiedzy fibrynogenem a anty-TPO w jawnej klinicznie nadczynnosci tarczycy

TPO antibodies 1

TPO antibodies 2 TPO antibodies 3

FIBRINOGEN 1 r=0.007,p = 0.01 No calculation No calculation
FIBRINOGEN 2 r=-029,p=0.05 r=-0.25,p = 0.001 No calculation
FIBEINOGEN 3 r=-0.02,p = 0.05 No calculation r=029,p=0.05
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Table II. Correlation between D-dimers and anti-TPO in overt hyperthyroidism

Tabela II. Korelacja pomiedzy D-dimerami a anty-TPO w jawnej klinicznie nadczynnosci tarczycy

TPO antibodies 1

TPO antibodies 2

TPO antibodies 3

D-DIMERS 1 r=-0.24,p <0.05 No calculation No calculation
D-DIMERS 2 r=-0.18,p < 0.01 r =0.08, p < 0.001 No calculation
D-DIMERS 3 r=-0.25p < 0.05 No calculation r=-0.34,p < 0.05

coagulation and fibrinolysis and proved significantly
increased fibrinogen in hyperthyroid patients compared
to euthyroid controls [13]. Lippi et al. found high fibrino-
gen values in outpatients with hyperthyroidism [23].
Dorr et al. revealed elevated plasma fibrinogen levels
in subjects with decreased serum TSH [24].

In our study, we observed that fibrinogen level
decreased after radioiodine therapy. We found no as-
sociation between plasma fibrinogen level and dose
of radioiodine, which may suggest that this effect
depends on restoring normal thyroid function rather
than the dose of radioiodine. Our findings are con-
sistent with Burggraaf et al.’s and Marongiu et al.’s
observation. In Burggraaf’s study, fibrinogen level
returned to normal after treatment with thiamazol
[14]. Marongiu et al. investigated fibrinogen levels first
in Graves’ disease and then in hyperthyroid patients
before and after treatment [15, 16]. It was elevated in
hyperthyroidism and returned to normal values after
restoring euthyroidism.

The severity of thyroid dysfunction may have a sig-
nificant influence on the haemostatic balance. Hypothy-
roidism is generally associated with bleeding tendency
[5, 25-27]. However, it has been suggested that the risk
for thrombosis may be increased in subclinical or mod-
erate hypothyroidism, as is the risk for haemorrhage in
overt hypothyroidism [1, 28, 29]. In hyperthyroidism,
a tendency toward thrombosis has been observed [1].
Some authors have underlined that there is still little
data available on coagulation and fibrinolysis in sub-
clinical hypothyroidism and hyperthyroidism [2].

To evaluate changes in plasma fibrinogen level ac-
cording to severity of thyroid disease, subjects were
divided into two groups: subclinical hyperthyroidism
and overt hyperthyroidism. In both groups, plasma
fibrinogen levels were elevated. The same conclusions
were drawn from systematic review of thyroid dys-
function and effects on coagulation and fibrinolysis by
Squizzato et al. and from a brief report on the association
between thyrotropin and fibrinogen, in which Doérr et
al. focused on subclinical hyperthyroidism [5, 24].

Our data, obtained for subclinical hyperthyroidism,
confirmed decreasing plasma fibrinogen after radioio-

dine therapy during the whole observation. In overt
hyperthyroidism, lower plasma fibrinogen level was
observed only at first measurement after radioiodine
therapy.

We decided to measure fibrinogen and D-dimers
levels twice after treatment in order to confirm that
observed changes are not transient. In the study by
Burgraaf et al., fibrinogen level was measured after one
week of treatment with propranolol, and after thera-
peutic treatment with thiamazol, when it returned to
normal [14].We did not find data on repeated D-dimer
measurements in other authors. In Squizzato et al.’s
article, fibrinogen and D-dimer levels were measured
only once after treatment [5].

Our data revealed no association between TSH, fT4,
fT3 and fibrinogen. This is inconsistent with Debeij et
al.’s and Chadevarian et al.’s results [30, 31]. They re-
ported that increasing fibrinogen level was associated
with rising levels of T4 and fT4. However, Yango et al.
demonstrated that recombinant human TSH adminis-
tration had no effect on haemostatic parameters [32].

Plasma D-dimers level was also investigated in
these three groups. It was higher before treatment,
and then decreased in the hyperthyroidism group.
After dividing into groups, results missed statistical
significance, what may suggest that severity of thyroid
disease is only one of the possible factors contributing
to the coagulation-fibrinolytic balance. Our results
contradict the findings of Chadevarian et al. [30]. They
studied the fibrinolytic system in hypothyroid pa-
tients, and obtained different results according to the
severity of hypothyroidism: higher levels of D-dimer
in overt hypothyroidism and lower levels of D-dimer
in moderate hypothyroidism. This issue has not been
extensively investigated yet.

In subjects with overt hyperthyroidism, TSH and fT4
correlated with plasma D-dimers level before treatment.
There was positive correlation for fT4 and negative for
TSH. D-dimers level did not depend on fT3. These re-
sults are inconsistent with previous observations. Cha-
darevian et al. observed a negative correlation between
D-dimers and fT4, but they investigated patients with
hyperlipidaemia who did not present symptoms of
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thyroid disease [33]. Horne et al. found no changes in
D-dimers level in thyroid cancer patients on thyroid
hormone suppression therapy when they were hy-
pothyroid and hyperthyroid [22].This discrepancy may
result from heterogeneity of the investigated groups
— the presented studies did not concern D-dimers and
fT4 in endogenous hyperthyroidism.

Both abnormal thyroid function and autoimmunity
may modify haemostasis [1, 17]. Some concomitant
autoimmune disorders involving the coagulation
system have been described in thyroid dysfunction
of autoimmune pathogenesis [3]. Panzer et al. investi-
gated patients with hyperthyroidism and low platelet
count [6]. They found platelet-associated antibodies
in three out of 15 subjects and suggested that platelet
abnormalities are due to metabolic rather than immu-
nological processes. Petri et al. studied the prevalence
of antiphospholipid antibodies in autoimmune thyroid
disorders and in healthy individuals [34]. They found
the same incidence of these antibodies in both groups. In
another study, Marongiu et al. described a factor VIII
inhibitor in Graves’ disease [35]. The same result was
obtained by Sievert et al. [36]. They confirmed an as-
sociation between autoimmune thyroid disease and
other autoimmune disorders. However, Porter et al.
suggested that the presence of these antibodies may be
the nonspecific mediator of immune system activation
[12]. Contradictory results were presented by Cordiano
etal. [37]. They reported thatin 15 out of 18 patients with
hyperthyroidism (Hashimoto’s thyroiditis and Graves’
disease) and thrombocytopenia, platelet autoantibodies
were found. Hofbauer et al. and Suigmoto et al. revealed
that restoring euthyroidism by antithyroid drug therapy
caused remission of coagulation disorder [38, 39].

Marongiu et al. confirmed that antiphospholipid
antibodies were more common in Graves’ disease pa-
tients than healthy controls [29]. Another possible
mechanism for thrombocytopenia in patients with
hyperthyroidism is binding of antibodies (other than
TSH receptor antibodies) to proteins located on the
thrombocyte membrane [8].The literature data shows
an association between autoimmune thyroid diseases
and autoimmune coagulation disturbances, although
they are more likely to be concomitant disorders rather
than caused by autoimmune thyroid disease [3].

However, Erem reported that an excess or a defi-
ciency of thyroid hormones affects the coagulation-fi-
brinolysis balance [1]. Squizatto et al. suggested that au-
toimmune mechanisms rarely contribute to this balance
[5]. Shih et al. explained the role of thyroid hormone
in the synthesis of blood clotting factors [19].They exert
their effect through nuclear thyroid hormone receptors
in hepatocytes. Erem et al. suggested that the coagula-
tion and fibrinolysis processes in hyperthyroidism are
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regardless of the aetiology [13]. They observed the same
changes in haemostasis despite different pathogenesis
of thyroid disease.

In order to determine the role of thyroid autoim-
munity in processes of haemostasis, we evaluated
the association between fibrinogen, D-dimers and
anti-TPO as indicators of underlying autoimmune
processes. In a previous study Dorr et al. proposed
that autoimmune thyroid disease might be responsi-
ble for an elevated level of inflammatory plasma pro-
teins [24]. Erem et al. supplemented the hypothesis
that autoimmune processes modify haemostasis [1].
Some reports denied such an association, i.e. Squiz-
zato et al. postulated that the hypercoagulable state
does not depend on the underlying pathophysiology
of thyroid disease [5].

In subjects with hyperthyroidism, we observed
a negative correlation between TPO antibodies level
before treatment and plasma fibrinogen level meas-
ured at the same time. Similar correlation was found
in subclinical and overt hyperthyroidism groups. In
addition, the positive correlation between plasma
fibrinogen level and TPO antibodies measured the sec-
ond time after treatment in the overt hyperthyroidism
group suggests that the influence of autoimmunity on
the coagulation-fibrinolytic system may be modified
by other factors such as mode of treatment or sever-
ity of disease. Such a relation has not been discussed
previously.

When D-dimers were considered in subjects with
hyperthyroidism, a negative correlation was found
between plasma D-dimers level measured the second
time after radioiodine therapy and TPO antibodies
measured before treatment. In subclinical and overt
hyperthyroidism, a negative correlation was observed
for measurements before and after treatment in dif-
ferent combinations. In contrast, no correlation was
observed for the first measurement after treatment
in the overt hyperthyroidism group, which may also
support the hypothesis that other factors also exert
an effect on haemostasis. There is no data available
to compare with these results. However, the number
of patients with autoimmune hyperthyroidism was
very small.

Despite statistically important differences between
fibrinogen and D-dimer level in patients with hyper-
thyroidism before and after treatment, the clinical
importance of these changes is still being discussed.

Abnormalities of haemostasis range from subclinical
laboratory findings to clinically significant disorders
of haemostasis and, rarely, major thromboembolism
[1, 3]. They are usually of limited consequence in clini-
cal practice [2]. However, major emboli may account
for 18% of deaths associated with thyrotoxicosis and
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the incidence of arterial thromboembolism is approxi-
mately 8-40% [11, 13]. The risk for thrombosis due to
hypercoagulability increases in clinical hyperthyroidism
[1,23]. In our study, none of the patients presented with
symptoms of thrombotic complications.

Conclusion

Hyperthyroidism exerts an effect on the coagulation-fi-
brinolytic balance. It affects plasma fibrinogen and
D-dimers level. We found fibrinogen in the upper refer-
ence range and elevated D-dimers that decreased after
treatment. This association depends on autoimmunity
and severity of thyroid disease — the strongest relation-
ship is observed in overt hyperthyroidism. However,
the number of cases was small, especially after dividing
into subgroups. Thus, further studies are needed for
a better understanding of these relations and for their
quantitative ratio.

References

1. Erem C. Coagulation and fibrinolysis in thyroid dysfunction. Endocrine
2009; 36: 110-118.

2. F Franchini M, Lippi G, Manzato F et al. Hemostatic abnormalities in
endocrine and metabolic disorders. Eur ] Endocrinol 2010; 162: 439-451.

3. FranchiniM, Lippi G, Manzato F et al. Thyroid associated auto-immune
coagulation disorders. ] Thromb and Thrombolysis 2010; 29: 87-91.

4. Meiklejohn DJ, Watson HG. Acquired haemophilia in association with
organ-specific autoimmune disease. Haemophilia 2001; 7: 523-525.

5. Squizzato A, Romualdi E, Biiller HR et al. Thyroid dysfunction and effects
on coagulation and fibrinolysis: a systematic review. ] Clin Endocrinol
Metab 2007; 92: 2415-2420.

6. Panzer S,Haubenstock A, Minar E. Platelets in hyperthyroidism: studies
on platelet counts, mean platelet volume, indiumlabeled platelet kinetics,
and platelet-associated immunoglobulins G and M. J Clin Endocrinol
Metab 1990; 70: 491-496.

7. Kurata Y, Nishioeda Y, Tsubakio T. Thrombocytopenia in Graves’ disease:
effect of T, on platelet kinetics. Acta Haematol 1980; 63: 185-190.

8. Adrouny A, Sandler R, Carmel R. Variable presentation of thrombocy-
topenia in Graves’ disease. Arch Intern Med 1982; 142: 1460-1464.

9. Hymes K, Blum M, Lackner H et al. Easy bruising, thrombocytopenia,
and elevated platelet immunoglobulin G in Graves’ disease and Hashi-
moto’s thyroiditis. Arch Intern Med 1981; 94: 27-30.

10. YamaguchiK, Ookubo Y, Matsuda H et al. Idiopathic thrombocytopenic
purpura subsequent to Graves’ disease and insulin-dependent diabetes
mellitus. Diabetes Res Clin Prac 1987; 3: 233-237.

11. Hofbauer L, Heufelder A.Coagulation disorders in thyroid diseases. Eur
J Endocrinol 1997; 136: 1-7.

12. Porter L, Mandel S. The blood in thyrotoxicosis. In: Braverman L, Utiger
R (eds). Werner & Inbar’s The thyroid: A Fundamental and Clinical Text.
8™ edn. Lippincott Williams & Wilkins, Philadelphia 2000; 627-631.

13. Erem C, Ersoz HO, Karti SS et al. Blood coagulation and fibrinolysis in
patients with hyperthyroidism. ] Endocrinol Invest 2002; 25: 345-350.

14. Burggraaf ], Lalezari S, Emeis J] et al. Endothelial function in patients
with hyperthyroidism before and after treatment with propranolol and
thiamazol. Thyroid 2001; 11: 153-160.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31

32.

33.

34.

35.

36.

37.

38.

39.

Rogers]S, Shane SR, Jencks FS. Factor VIII activity and thyroid function.
Ann Intern Med 1982; 97: 713-716.

Marongiu E Conti M, Murtas M et al. Activation of blood coagulation
and fibrinolysis in Graves” disease. Horm Metab Res 1991; 23: 609-611.
Franchini M. Hemostatic changes in thyroid diseases. Hematology 2006;
11: 203-208.

Soma M, Maeda Y, Matsuura R et al. Study of serum thrombomodulin
(TM) levels in patients with hyper- or hypothyroidism. Rinsho Byori
1997; 45: 77-81.

Shih CH, Chen SL, Yan CC et al. Thyroid hormone receptor-dependent
transcriptional regulation of fibrinogen and coagulation proteins. En-
docrinol 2004; 145: 2804-2814.

Erem C. Blood coagulation, fibrinolytic activity and lipid profile in sub-
clinical thyroid disease: subclinical hyperthyroidism increases plasma
factor X activity. Clin Endocrinol 2006; 64: 323-329.

Chadarevian R, Bruckert E, Giral P et al. Relationship between thyroid
hormones and fibrinogen levels. Blood Coagul Fibrinolysis 1999; 10:
481-486.

Horne IIIMK, Singh KK, Rosenfeld KG et al. Is thyroid hormone suppres-
sion therapy prothrombotic? J Clin Endocrinol Metab 2004; 89: 4469-4473.
Lippi G, Franchini M, Targher G et al. Hyperthyroidism is associated
with shortened APTT and increased fibrinogen values in a general
population of unselected outpatients. ] Thrombosis and Thrombolysis
2009; 28: 362-365.

Dérr M, Robinson DM, Wallaschofski H et al. Serum thyrotropin is as-
sociated with high plasma fibrinogen. J Clin Endocrinol Metab 2006; 91:
530-534.

Furie B, Furie BC. Mechanisms of thrombus formation. New England J
Med 2008; 359: 938-949.

Myrup B, Bregengard C, Faber J. Primary hemostasis and thyroid disease.
J Internal Med 1995; 238: 59-63.

GulluS, Sav H, Kamel N. Effects of levothyroxine treatment on biochemi-
cal and hemostasis parameters in patients with hypothyroidism. Eur J
Endocrinol 2005; 152: 355-361.

Ho SL, Shah M, Williams AC. Idopathic thrombocytopenic purpura and
autoimmune thyroiditis in a patient with myasthenia gravis. Muscle
Nerve 1992; 15: 966-967.

Marongiu E Conti ML, Murtas GG et al. Anticardiolipin antibodies in
Graves’ disease: relationship with Thrombin activity in vivo. Thromb
Res 1991; 745-749.

Chadarevian R, Bruckert E, Leenhardt L et al. Components of the
fibrinolytic system are differently altered in moderate and severe hy-
pothyroidism. J Clin Endocrinol Metab 2001; 86: 732-737.

Debeij ], Suzanne CC, van Zaane B et al. The effect of changes in thyrox-
ine and thyroid stimulating hormone levels on the coagulation system.
J Thromb Haemostasis 2010; 8: 2823-2826.

Yango J, Alexopoulou O, Eeckhoudt S et al. Evaluation of the respective
influence of thyroid hormones and TSH on blood coagulation parameters
after total thyroidectomy. Eur ] Endocrinol 2011; 164: 599-603.
Chadarevian R, Bruckert E, Ankri A et al. Relationship between thyroid
hormones and plasma D-dimer levels. Thrombosis and haemostasis 1998;
79: 99-103.

Petri M, Karlson EW, Cooper DS et al. Autoantibody tests in autoimmune
thyroid disease: a case-control study. ] Rheumatol 1991; 18: 1529-1531.
Marongiu F, Cauli C, Mameli G et al. Apathetic Graves” disease and
acquired hemophilia due to factor VIIIc antibody. ] Endocrinol Invest
2002; 25: 246-249.

Sievert R, Goldstein ML, Surks MI. Graves’ disease and autoimmune
factor VIII deficiency. Thyroid 1996; 6: 254-247.

Cordiano I, Betterle C, Spadaccino CA et al. Autoimmune thrombocy-
topenia (AITP) and thyroid autoimmune disease (TAD): overlapping
syndromes? Clin Exp Immunol 1998; 113: 373-378.

Hofbauer LC, Spitzweg C, Schmauss S et al. Graves’ disease associated
with autoimmune thrombocytopenic purpura. Arch Intern Med 1997;
157: 1033-1036.

Suigmoto K, Sasaki M, Isobe Y et al. Improvement of idiopathic throm-
bocytopenic purpura by antithyroid therapy. Eur ] Haematol 2005; 74:
73-74.

415



