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Abstract

Context: There are contradictory results on the effect of hyperthyroidism on hemostasis. Inadequate population-based studies limited their clinical
implications, mainly on the risk of venous thromboembolism (VTE). The present review focuses on hemostatic changes in overt and subclinical
hyperthyroidism.

Methods: A systematic literature search was conducted employing MEDLINE database. The following words were used for the search: Hyperthy-
roidism; thyrotoxicosis; Graves disease; goiter, nodular; hemostasis; blood coagulation factors; blood coagulation disorders; venous thromboem-
bolism; bleeding; fibrinolysis. The articles that were related to hyperthyroidism and hemostasis are used in this manuscript.

Results: Hyperthyroidism, either overt or subclinical, renders a hypercoagulable state, although there are several studies with contradictory find-
ings in the literature. Hypercoagulability may be caused by an increase in the level of various coagulation factors such as factor (F) VIII, FX, FIX,
von Willebrand F (VWF), and fibrinogen, while hypofibrinolysis by changes in coagulation parameters such as a decrease in plasmin and plasmin
activator or an increase in a2-antiplasmin, plasminogen activator inhibitor-1and thrombin activatable fibrinolysis inhibitor

Conclusions: Although many reports are in favor of a hypercoagulable state in overt hyperthyroidism but this finding at the biochemical level and
its clinical implication, on the occurrence of VTE, has yet to be confirmed.

Keywords: Hyperthyroidism, Hypothyroidism, Thyroiditis, Autoimmune, Hashimoto Disease, Myxedema, Venous
Thromboembolism, Blood Coagulation Factors, Fibrinolysis, Thyroid Neoplasms

1. Context

Hemostasis is an essential process that maintains the
integrity of the blood stream in the human body. This
process is achieved through a balance between hemostatic
plug formation (primary hemostasis) and thrombin gen-
eration (secondary hemostasis) in one hand, and fibri-
nolytic system, on the other hand, to maintain vascular
patency (1-6). Disequilibrium between activators and in-
hibitors of the hemostatic system may result in bleeding
or pathological thrombosis. Tendency to thrombosis, arte-
rial and/or venous, is associated with increased morbidity
and mortality (1, 2, 7).

Thyroid hormones are potent mediators of numerous
physiological processes and their abnormalities can ad-
versely affect various steps in the coagulation cascade (8-
11). The earliest reports on a link between thyroid disorders
and coagulation abnormalities are from the early years of
the past century (12-14). Thyroid dysfunction has been as-
sociated with contradictory findings on coagulation ab-
normalities, ranging from subclinical laboratory derange-
ments to clinical bleeding and thromboembolism (15-25).
The present report provides a review on hemostatic alter-
ation in hyperthyroidism.

2. Methods

A comprehensive review of the literature has been
done and the following search terms (medical subject
heading, terms, and text words) were used for the MED-
LINE search until March 2016: Hyperthyroidism; thyrotox-
icosis; Graves disease; goiter, nodular; hemostasis; thyroid
hormones; blood coagulation factors; blood coagulation
tests; blood coagulation factors; blood coagulation disor-
ders; venous thromboembolism; bleeding; fibrinolysis; re-
ceptors thyroid hormone; hemostasis; thyroiditis, autoim-
mune. In addition, by hand-searching reference lists in re-
view articles and relevant textbook chapters were searched
for papers beyond 2000. The eligibility criteria were in-
clusion of all types of studies that evaluated alterations
in hemostatic parameters and/or occurrence of clinical
hemostatic events including venous thromboembolism
(VTE) and/or bleeding in any type of hyperthyroidism. The
authors reviewed all the titles and abstracts generated by
the search engine and exclude those that were not cover-
ing the eligibility criteria. For potentially relevant studies
hard copies of the full article was obtained and the stud-
ies were reviewed in detail to make sure they met the in-
clusion criteria. Figure 1 shows the flowchart of studies as-
sessed and selected by two reviewers. A total of 878 papers
were cited and after exclusion 637 papers that did not meet
inclusion criteria, 241 papers were thoroughly studied and
in order to submit the current manuscript to this jour-
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nal, the number of papers was further decreased (Figure
1). In order to prevent missing any scientific points from
the omitted papers, review articles containing those sci-
entific points were used in the manuscript’s reference list.
Throughout the manuscript, evidence in favor of hyperco-
agulability, hypocoagulability, or no alterations in hemo-
static parameters, if applicable, has been provided.

Studies retrieved in the primary search (n = 878)

l

Studies not meeting aim of the review (n = 637)

l

Articles reviewed thoroughly by the authors (n =241)

l

Articles selected to be used in the review (n=96)

Figure 1. Flowchart of Assessment and Selection of the Studies Used in This Review

3. Results

3.1. Overt Hyperthyroidism

Hyperthyroidism is found in1.3% of the U.S. population
of which 0.5% is clinical- and 0.7% subclinical hyperthy-
roidism (26)

3.1.1. Hypercoagulability

The initial reports regarding thyroid and coagulation
disorders were in 1913 and 1927 reporting an association be-
tween thyrotoxicosis and cerebral venous thrombosis (12-
14). Several case reports described individuals with hyper-
thyroidism and cerebral venous thrombosis (27-31). Subse-
quent studies evaluated thyroid dysfunctions in relation-
ship to alterations in coagulation-fibrinolytic system. Most
reports supported a hypercoagulable state and hypofibri-
nolysis in hyperthyroidism (32-34).

Patients with hyperthyroidism display a tendency to
develop thromboembolic complications, with major em-
bolism accounting for up to 18% of deaths in patients dy-
ing from thyrotoxicosis (35, 36). The incidence of arte-
rial thromboembolism in patients with atrial fibrillation is

higher in those with hyperthyroidism than non-thyrotoxic
individuals (37).

Hyperthyroidism and an excess of thyroid hormones
are associated with a hypercoagulable state (9, 32) and
these has led to the hypothesis that hyperthyroidism
maybe considered a risk factor for venous thromboem-
bolism. Confirmation of this association may change clin-
ical practice as for decision whether venous thromboem-
bolism (VTE) in a hyperthyroid patient would be consid-
ered provoked or unprovoked. Some authors assert that
hyperthyroidism as a risk for VTE (38).

Increased and reduced risks of VIE have been associ-
ated with high and low levels of free T4, respectively (39).
In arecent case report, the authors presented two patients
with severe VIE with hyperthyroidism and no other risk
factor for VIE, emphasizing possible association between
hyperthyroidism and VTE (40). However, studies on the ef-
fect of elevated free T4 on the occurrence of VTE are scarce
and there has been controversy over whether thyroid hor-
mone excess leads to an increased risk of thrombosis (41-
43). Recent large-scale studies have shown an association
between VTE and high free T4 levels. Following age- and
sex-adjustment, Free T4 levels above 17 pmol/L resulted in
an odds ratio (OR) and 95 % confidence interval (95% CI) of
2.2(95% CI,1.2 - 4.2) for DVT. This further increased up to an
OR of 13.0 (95% confidence interval (CI), 1.1 - 154.1) for free
T4 levels above reference range. The authors suggest in-
creasing levels of free T4 to be a risk factor for VTE (39). The
HUNT2 cohort study in Norway, showed that there is a ~10
fold increased risk of occurrence of VTE for free T4 levels >
17.3 pmol/L(i.e.,above 98th percentile) after adjustment for
age, sex, and body mass index. The authors concluded that
free T4 levels at higher end of normal range are strong risk
factor for VTE (44). In a nation-wide longitudinal study for
5 years including 8,903 individuals with hyperthyroidism
as a study cohort and 44,515 individuals without hyperthy-
roidism as the comparison controls, there was a 2.31 times
greater risk (95% CI, 1.20 - 4.45, P = 0.012) of pulmonary
embolism (PE) in patients with hyperthyroidism than in
the comparison cohort (45). In the MEGA study, which is
a large population-based case-control study, 2,177 individ-
uals with DVT and/or PE were recruited as cases as well
as 2,826 age- and sex-matched individuals as controls. In-
creases in mean levels of FVIII, FIX, fibrinogen, and vWF
were observed with increasing levels of free T4 among the
controls, which showed that high free T4 values were asso-
ciated with increased levels of prothrombotic factors. Ad-
ditionally, there was an association between free T4 levels
and both DVT and PE. For levels of free T4 > 24.4, pmol/L,
the OR (95% CI) for DVT was 2.7 (95% CI,1.2 - 6.1) and for lev-
els of free T4 of 22.2 pmol/L, the OR (95% CI) for PE was 2.5
(1.2-5.1). It was concluded that high free T4 values increase
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the risk of VTE by increasing the concentration of circulat-
ing FVIII, FIX, fibrinogen, and vWF (46). A retrospective co-
hort study including 587 hyperthyroid patients and diag-
nosis of VIE within 6 months before or after diagnosis of
hyperthyroidism was conducted in the Netherlands. The
study revealed an incidence rate of 8.7 (95% CI 2.8 - 20.2)
per 1,000 person-years. Three of these five patients had a
first VIE, giving an incidence rate of 5.3 (95% CI1.1-15.6) per
1,000 person-years for first VIE. In the general population,
the incidence rate for first VIE is between 0.6 - 1.6 and for
all VTE is between 0.7 - 1.8 per 1,000 person-years. There-
fore, the incidence of VIE in patients with hyperthyroidism
is higher than the general population (47). In a large-scale
retrospective cohort study, databases of linked statistical
records of hospital admissions and death certificates for
the Oxford record linkage study area (ORLS1:1968 to 1998
and ORLS2:1999 to 2008) and the whole of England (1999 to
2008) were analyzed. Rate ratios for VTE were determined,
comparing immune-mediated disease cohorts with com-
parison cohorts. Significantly but mildly elevated risk for
VTE was found in thyrotoxicosis in ORLS2 population with
a rate ratio of 1.56 (95%CJ, 1.23 - 1.95, P < 0.001) and in the
England data set with a rate ratio of 1.34 (95%Cl, 1.27 - 1.42,
P < 0.001), but not in ORLS1 population. Systemic lupus
erythematous showed the highest risk ratioamong several
immune-mediated disorders in the study (48).

Qualitative and quantitative platelet abnormalities
have been reported in patients with hyperthyroidism (49-
53); however, there are studies where no significant change
in platelet count has been observed in hyperthyroid pa-
tients compared to controls (50). A study on parameters
of primary hemostasis in both hypo- and hyperthyroid
patients showed that hyperthyroid patients had normal
bleeding time, although agglutination induced by risto-
cetin as marginally reduced. Template bleeding time was
significantly increased during treatment but remained
within normal range and no significant change occurred
in platelet agglutination or aggregation due to treatment
(51).

The large cross sectional Study of Health in Pomerania
in Germany showed higher plasma fibrinogen in overt hy-
perthyroidism (mean TSH of 0.04 mU|L and elevated free
T4) compared to euthyroids (mean TSH of 0.82 and normal
free T4). This is in support of a procoagulant effect in hy-
perthyroidism (54).

Significantdecrease in PTand aPTT and elevation in lev-
els of fibrinogen have been observed in hyperthyroidism,
which is in favor of a hypercoagulable state (50). Short-
ened aPTT was observed in hyperthyroidism in a study on a
general population of unselected outpatients (55). Hyper-
thyroidism renders a hypercoagulable and hypofibrinol-
ysis states (32, 34, 49) and is associated with significantly
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increased fibrinogen (that may promote hypercoagulabil-
ity), decreased plasminogen and plasminogen activator,
and non-significant changes in PAI and antiplasmin lev-
els (56), increased levels of FVIII, vWF, and fibrinogen (18,
19, 32, 57), increased vWF activity and fibrinogen levels (18,
58, 59), and decreased t-PA levels (18). Elevated plasma lev-
els of FVIII, FIX, vVWF, and fibrinogen and increased PAI-1
(that decreases fibrinolysis) have been reported in hyper-
thyroidism and in healthy individual taking thyroid hor-
mones (18, 32, 54, 55, 60-62). Increased plasma levels of
fibrinogen and fibrinopeptide BJ 15 - 42, a specific prod-
uct of fibrinogen metabolism induced by plasmin, were
observed in hyperthyroid patients. The restoration of eu-
thyroidism either by antithyroid drug or by radioiodine
caused a significant decrease of fibrinogen and [ beta 15
- 42 (22). However, the majority of these studies method-
ological limitations and deduction of a net effect of excess
thyroid hormone on heamostatic system remains to be
clarified (32). Using medium quality observational studies
in a meta-analysis revealed significant decrease in bleed-
ing time and plasminogen, increase in -2 antiplasmin
(and therefore, a possible increase in inactivation of plas-
min), no difference in prothrombin fragment 1- 2 and ris-
tocetin agglutination and tissue plasminogen activator ac-
tivity and plasmin-antiplasmin complex. Levels of vVWF
antigen, fibrinogen, tissue plasminogen activator antigen
(tPA:Ag), and plasminogen activator inhibitor 1 (PAI-1) were
reported as increased or unchanged in different studies
(32).

Hyperthyroidism-induced vWF elevation is associated
with enhanced platelet function and therefore shortened
collagen-epinephrine-induced closure time (CEPI-CT) val-
ues. These changes may contribute to the higher risk for
cardiovascular disease in patients with hyperthyroidism
(63). Platelet plug formation decreases during therapy
with thiamazole (57).

In a case-control study, including 42 Graves’ disease
and 75 toxic nodular goiter as the hyperthyroid group ver-
sus 39 healthy controls, circulating markers of endothe-
lial dysfunction, including interleukin (IL) -6, IL-12, IL-18,
fibrinogen, plasminogen activator inhibitor 1 (PAI-1), VWF,
and vascular cell adhesion molecule-1 (sVCAM-1) were sig-
nificantly elevated in the patients with both overt hyper-
thyroidism and subclinical hyperthyroidism. The results
suggest that both overt- and subclinical hyperthyroidism
may be associated with endothelial dysfunction, which is
reflected by decreased fibrinolytic activity, hypercoagula-
bility, and increased levels of IL-6, IL-12, and IL-18 and de-
pends not only on the cause but also on the degree of
hyperthyroidism (64). Plasma PAI-1 activity, but not adi-
pose tissue secretion of PAI-1, was increased in hyperthy-
roid Graves’ disease before treatment as compared to dur-
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ing anti-thyroid treatment (P = 0.01) and to euthyroid con-
trols (P = 0.0001). Hyperthyroidism is associated with the
formation of a compact fibrin network ex vivo, which are
resistant to fibrinolysis (65), representing one plausible
mechanism explaining increased risk of thrombosis in hy-
perthyroid patients (66). Secretion of IL-6 by adipose tissue
was increased in hyperthyroid state both before and dur-
ing anti-thyroid treatment compared to controls, which
suggests thyroid autoimmune pathology may regulate se-
cretion of IL-6 from adipose tissue (67).

In hyperthyroid patients the plasma concentrations of
AVP and endothelium-associated proteins (EAP) were sig-
nificantly higher than in the control group. Rendering hy-
perthyroid patients into the euthyroid state significantly
lowered AVP, fibronectin, and vWF compared with pretreat-
ment levels (61).

Hyperthyroid patients with Graves’ disease showed
significantly elevated levels of plasma thrombomodulin
and vWF antigen, which both are synthesized by endothe-
lial cells and are known as markers of endothelial injury.
By normalization of thyroid function, the increased levels
returned to normal (58, 68, 69).

latrogenic hyperthyroidism in a patient with ex-
tremely high single dose (25 mg) of levothyroxine in-
gestion following a suicidal attempt showed increased
levels of FVIII, FIX, FX, von Willebrand factor ristocetin
cofactor activity (VWF:RiCo), von Willebrand factor anti-
gen (VWF:Ag), plasminogen activator inhibitor 1 (PAI-1),
and endogenous thrombin potential. No clear change
was observed in FlI, FVII, PT, aPTT, protein C activity, total
and free protein S antigen, and prothrombin fragment.
The findings suggest that thyroid hormone excess shifts
the hemostasis balance towards a hypercoagulable and
hypofibrinolysis state, increasing the risk of VTE (70).
T3 upregulated coagulation factor genes resulting in T3-
induction ratios of 8-fold for thrombin, 4.9-fold for FX, and
2- to 3-fold for fibrinogen transcription (11).

Both elevated and low TAFI antigen levels have been
reported for hyperthyroid patients (71, 72). Elevated TAFI
has been detected in several studies on hyperthyroidism.
Increased TAFI and decreased FV, protein C, protein S,
and tissue factor pathway inhibitor (TFPI) in hyperthy-
roid patients represent a potential hypercoagulable and
hypofibrinolytic state, which might augment the risk for
atherosclerotic and atherothrombotic complications (72).
The changes in hemostatic parameters in favor of a hy-
percoagulable state in overt hyperthyroidism are summa-
rized in Table 1.

3.1.2. Hypocoagulability or No Alterations in Hemostasis
There are some studies that are inconsistent with en-
hanced hypercoagulability in hyperthyroidism. In a large-

scale study from the national hospital discharge survey
(NHDS) databank for the patients being discharged from
the hospital, hyperthyroidism was not associated with an
increased risk of VTE (relative risk=0.98,95% CI=0.96-1.01)
(43). Arecent meta-analysis has shown under-reporting of
thromboembolic events in clinical trials (73). Although the
study on lack of association of hyperthyroidism and VTE is
not a meta-analysis (43), however, there is a potential that
this under-reporting would also be present among their
VTE cases (43), and therefore, become the source of error
in the results and their interpretation. Limitations related
to VIE identification and classification, the underlying can-
cer,and to management process, such as inadequate docu-
mentation may result in this underestimation (74).

Development of Graves’ disease in a patient with
chronic Hashimoto’s thyroiditis was accompanied with a
hemorrhagic disorder with bleeding into muscle, joints,
and skin, secondary to an acquired FVIII deficiency due to
a factor VIII inhibitor (75). A severe hemorrhagic disorder
due to factor VIlic antibody, in a patient with hyperthyroid
Graves’ disease notassociated to overtclinical features was
reported (76).

In a study, half of Graves’ disease individuals, however,
had low platelet count and shortened platelet survival that
returned to normal levels after antithyroid treatment (52).
The platelet changes observed in hyperthyroidism, such as
lower platelet count and increased mean platelet volume
in conjunction with a shortened platelet lifespan reflect
metabolically rather than immunologically mediated phe-
nomena (53).

On the contrary to abovementioned reports (72), low
TAFI antigen levels have been reported in overt hyperthy-
roidism (71). Apparently, this is in favor of a hypocoag-
ulable state as TAFI attenuates fibrinolysis. However, au-
thors found PAI-1 was elevated as well. The inverse correla-
tion of two inhibitors of fibrinolytic system is a complex
condition, and therefore, the authors assumed that this
low TAFI antigen level might be due to activation of TAFI
pathway (71). Levothyroxine suppression therapy in pre-
menopausal women with benign thyroid nodules resulted
in non-significant decrease in TAFI antigen and increase in
PAI-1 antigen levels (77).

Hyperthyroidism has increased metabolic clearance of
FII, FVIII, FIX, and FX and lowered activity of FII (78). De-
creased levels of FX (18) and increased levels of antithrom-
bin III have been reported earlier, although the latter has
not been attributed to a bleeding tendency (18). Warfarin
produced a greater fall in FII and FVII and a greater in-
crease in prothrombin ratio and partial thromboplastin
time with kaolin in the hyperthyroid state than in the eu-
thyroid state (79, 80).

Plasminogen activators of tissue- (t-PA) and urokinase-
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Table 1. Summary of Attributed to Hypercoagulability in Overt Hyperthyroidism?

Changes in Hemostatic Parameters

References

Increased level of fibrinogen, FVIII, FIX, FX, VWF & vWF Ag, PAI1 and vWE:C, FVIII:C, vWF:RCo

(18,19, 32, 46, 50, 54-62, 64, 70)

Increased IL-6, IL-12, IL18, and sVCAM-1 and fibrinogen and PAI-1 (indicating endothelial dysfunction predisposing a

decreased fibrinolytic activity and hypercoagulability)

Increased fibrinopeptide B3 15 - 42 and fibrinopeptide A

Increased plasma thrombomodulin

Increased :2-antiplasmin

Increased TAFI

Increased formation of compact fibrin ex vivo resistant to fibrinolysis
Decrease in CEPI/CT reflecting enhanced PLT function

Decrease in FV and protein C and protein S and TFPI

Decrease in PT and aPTT

Decreased plasminogen

Decreased plasminogen activator [t-PA]

(22,32)
(57, 68, 69)
(32)

(72)

(65)

(72)
(50)
(32,56)

(56)

Abbreviations: Ag, antigen; aPTT, activated thromboplastin time; C, activity; CEPI/CT, closure time with collagen/epinephrine; F, factor; IL, interleukin; PAI-, plasminogen
activator inhibitor1; PT, Prothrombin time; t-PA, tissue-type plasminogen activator; TAFI, thrombin activatable fibrinolysis inhibitor; TFP], tissue factor pathway inhibitor;
u-PA, urokinase; vW, von Willebrand; vWE:RCo, von Willebrand ristocetin cofactor; sVCAM-1 soluble vascular cell adhesion molcule-1.

?Some authors consider elevation antithrombin IIl as a change in favor of a prothrombotic effect (18)

(u-PA) type are known to be potent stimulators of plasmin
formation in blood plasma. The fibrinolytic system is acti-
vated when t-PA transforms plasminogen to plasmin. Plas-
min is a very strong proteolytic enzyme, which can digest
not only fibrin if it is present in the vessel system but also
other proteins such as coagulation factors. Only free t-PA
has fibrinolytic activity and is inhibited when PAI-1 and
other inhibitors form an enzymatically inactive complex
with t-PA. PA], such as PAI, is a strong inhibitor of fibri-
nolytic activation (81). Plasma concentrations of t-PA, u-
PA and PAI-1 were significantly higher in 33 hyperthyroid
Grave’s cases than 33 controls. Interpretation of the results
isdifficultand the authors assumed that prothrombotic ef-
fect of PAI-1 elevation was in response to the hypocoagula-
tion effect of elevated t-PA and u-PA (82).

Tissue factor pathway inhibitor (TFPI) is a vascular an-
ticoagulant, which inhibits the initial reaction of the tis-
sue factor-mediated coagulation pathway. It dampens the
initiation of blood coagulation by inhibiting two potent
procoagulant complexes, tissue factor-factor VIla (TF-FVIla)
and early forms of prothrombinase. Alternative splicing of
mRNA produces two TFPI isoforms, TFPIcc and TFPIS3. Both
isoforms inhibit TF-FVIla, but only TFPl« can inhibit early
forms of prothrombinase. TFPIcw and TFPI/3 are produced
in cultured human endothelial cells. Some portion is con-
stantlyreleased into plasma as free form and some binds to
lipoprotein particles. Pharmaceutical agents have been de-
veloped that block TFPI function to treat hemophilia (83).
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In a study of 15 patients with hyperthyroidism and Graves’
disease, 10 patients with anti-thyroid medication-induced
euthyroidism and Graves’ disease, and 25 controls, plasma
levels of total TFPI and free TFPI were significantly higher
in hyperthyroid Grave’s patients compared to euthyroid
Graves’ and controls. This appears to be in favor of a
hypocoagulation state. Free TFPI was similar between Eu-
thyroid Grave’s and controls. Plasma free TFPI levels corre-
lates closely with free T3 levels, which suggests that thyroid
hormones might influence synthesis and metabolism of
TFPL No relationship was found between plasma free TFPI
and thyroid autoantibodies and therefore, it was assumed
thatautoimmune component of Graves’ disease had no ef-
fect on plasma free TFPI levels (68).

Hyperthyroidism has been reported to be associated
with no change from normal in clotting factors II, V, IX, and
X (84).

For hyperthyroidism and its effect on coagulation sys-
tem proposed mechanisms are, but not limited to, direct
and indirect effects of thyroid hormone excess and autoim-
munity. In a study on 35 non-smoking, postmenopausal
women, aged 51 - 69, with subclinical or overt hyperthy-
roidism elevated fibrinogen and D-dimers levels were ob-
served in hyperthyroid subjects. There was a negative
correlation between plasma fibrinogen and D-dimers lev-
els and anti-thyroid perioxidase antibodies (TPOAD) lev-
els. The changes in fibrinogen and D-dimer levels were re-
versible as they decreased after radioiodine therapy. The
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authors assumed that this reversal might relate to the
severity of hyperfunctioning and autoimmunity of thy-
roid disorder. The findings are supportive for hypercoag-
ulation and hyperfibrinolysis states (85). In summary, sev-
eral changes in coagulation factors are supportive of a pro-
thrombotic state in subclinical hyperthyroidism (18, 32, 34,
49, 54,57,59, 86) and are summarized in Table 2.

3.2. Subclinical Hyperthyroidism

National health and nutrition examination survey
(NHANES III) showed subclinical hyperthyroidism in 0.7%
of the U.S. population (26).

3.2.1. Hypercoagulability

Subclinical hyperthyroidism, which is defined as low
TSH and normal freeT4 and T3 is typically caused by the
similar conditions that result in overt hyperthyroidism.
The clinical implications of subclinical hyperthyroidism
have been reviewed elsewhere (87). Undesirable effects of
the subclinical hyperthyroidism on cardiovascular system
are not different whether its etiology is endogenous or ex-
ogenous (88). However, the association between subclin-
ical hyperthyroidism and cardiovascular morbidity and
mortality is controversial (89-92). Studies on subclinical
hyperthyroidism and hemostasis-fibrinolytic system are
scarce (10, 93).

Alarge cross sectional Study of Health in Pomerania in
Germany showed higher plasma fibrinogen in subclinical
hyperthyroidism (mean TSH of 0.2 mU|L and normal free
T4) versus euthyroids (mean TSH of 0.82 and normal free
T4). This is in favor of a potentially prothrombotic state.
TSH was an independent risk factor for elevated levels of
plasma fibrinogen (54).

A meta-analysis on observational studies with
medium-quality scores revealed significantly increased
vWE:.C and fibrinogen levels. A hypercoagulable state is
considered to be present in subclinical hyperthyroidism
(32,49). Increased factor X activity in patients with subclin-
ical hyperthyroidism represents a potential hypercoagu-
lable state, which might augment the already existing risk
for atheroscleroic complications (86). Numerous clinical
and experimental studies suggest that elevated vWF levels
reflect endothelial dysfunction or damage. A study on
20 subclinical hyperthyroid versus 20 euthyroid subjects
showed significantly higher levels of vWF in subclinical
hyperthyroid individuals (94). This could contribute to an
increase in the risk of cardiovascular events in subclinical

hyperthyroidism.
A study on iatrogenic (thyroidectomy- and
radioiodine-induced) hypothyroidism compared to

iatrogenic (thyroxine-induced) subclinical hyperthy-
roidism on the same patients revealed that vWF and

fibrinogen were significantly higher in the latter, though
VWF was still within normal range and fibrinogen ex-
ceeded slightly above the normal limit (25). This is in
support of a tendency toward a prothrombotic status
in subclinical hyperthyroidism (95). Another study was
conducted on 90 thyroidectomized patients (due to differ-
entiated thyroid cancer), followed by radioactive iodine
treatment for remnant ablation, was conducted. Multiple
hemostatic parameters in severe hypothyroidism versus
subclinical (mild) hyperthyroidism (suppressed TSH and
normal free T4 and free T3) were checked before and
after levothyroxine suppression treatment. To prevent
any effect of residual disease, those with measurable
serum thyroglobuin or anti-thyroglobulin antobodies
were excluded. Subclinical hyperthyroidism was associ-
ated with a hypercoagulable/hypofibrinolytic state and
alteration of primary hemostasis toward prothrombotic
state. These were reflected by a significant increased in
plasma levels of PAI-1, FVIII, vWF antigen, fibrinogen, and
antithrombin and a significant reduction in closure time
with collagen/epinephrine (CEPI-CT), in closure time with
collagen/ADP in platelet function analyzer (PFA-100), a
levels of prothrombin fragment 1+ 2. Tissue plasminogen
activator antigen was similar between two groups (63).

Subclinical hyperthyroidism was associated with sig-
nificantly increased interleukin (IL) -6, IL-12, plasminogen
activator inhibitor 1 (PAI-1), and vascular cell adhesion
molecule-1 (sSVCAM-1) compared to controls. However, lev-
els of fibrinogen, vWF, and IL-18 were similar. The au-
thors assumed that the results may suggest that subclin-
ical hyperthyroidism may be associated with endothelial
dysfunction, which is reflected by decreased fibrinolytic
activity, hypercoagulability, and increased levels of IL-6, IL-
12, and depends not only on the cause but also on the de-
gree of hyperthyroidism, as overt hyperthyroid patients
showed higher levels of markers of endothelial dysfunc-
tion compared to the subclinical hyperthyroid cases (64).

Elevated fibrinogen is an independent risk factor for
cerebrovascular disorders and elevated D-dimer levels
have been associated them as well. In 36 subclinical
hyperthyroid- and 36 euthyroid control subjects matched
for age, gender, and body mass index, fibrinogen and D-
dimer levels were significantly higher in the subclinical
hyperthyroidic- than in the euthyroid group, suggesting
a relatively hypercoagulable state in subclinical hyperthy-
roidism (96). The changes in hemostatic parameters in
favor of a hypercoagulable state in subclinical hyperthy-
roidism are summarized in Table 3.

3.2.2. Hypocoagulability or No Alteration in Hemostasis

Subclinical hyperthyroid patients showed lower TAFI
antigen levels compared to the controls, which is in fa-
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Table 2. Summary of in Favor of Hypocoagulability in Overt Hyperthyroidism

Changes in Hemostatic Parameters References
Increased FVIII inhibitor causing acquired FVIII deficiency (75,76)
Increased metabolic clearance of FII, FVIII, FIX, FX (78)
Increased plasma t-PA and u-PA (82)
Increased total and free TFPI (68)
Increased mean PLT volume (53)
Decreased PLT count (49,52,53)
Decreased (shortened) PLT survival (life span) that returned to normal levels after antithyroid treatment (49,52, 53)
Decreased TAFI Ag (71)
Decreased FII:C (78)
Decreased FX (18)

Abbreviations: Ag, antigen; :C, activity; F, factor; PLT, platelet; t-PA, tissue-type plasminogen activator; TFPI, tissue factor pathway inhibitor; TAFI, thrombin activatable

fibrinolysis inhibitor; u-PA, urokinase.

Table 3. Summary of Attributed to Hyper- and Hypocoagulability in Subclinical Hyperthyroidism®

Changes in Hemostatic Parameters

Hypercoagulability

References

Increased level of fibrinogen
Increased VWF:C
Increased FX:C

Increased level of vVWF (VWF Ag) and FVIII

(25,32, 54, 63, 96)
(32,49)
(86)

(25, 63,94, 95)

Increased IL-6, IL-12, PAI-1, and sVCAM-1 reflecting endothelial dysfunction rendering a hypercoagulable state (64)

Decrease in closure time with collagen/epinephrine (CEPI/CT) and Collagen/ADP in pletelet function analyzer [PFA-100], reflecting (63)

enhanced PLT function Hypocoagulability

Decreased TAFI Ag

(7)

Abbreviations: ADP = adenosine diphosphate; Ag = antigen; :C = activity; F = factor; IL = interleukin; PAI-1 = plasminogen activator inhibitor 1; sVCAM-1 = soluble vascular

cell adhesion molcule-1; vW=von Willebrand.

Elevation antithrombin has been considered as a change in favor of a prothrombotic effect (18, 63).

vor of hypocoagulation. Although the TAFI levels were not
quite statistically significant (P = 0.508), their levels were
similar to overt hyperthyroidism and, additionally, there
were low number of cases assessed in the study. On the
other hand, PAI-1 levels were elevated as well. As both PAI-
1 and TAFI are inhibitors of fibrinolytic system, a reverse
correlation between two inhibitors is a complex situation.
The authors assume that this might be a reflection of an
activation of TAFI pathway (71). In a study in Sudan, PT,
aPTT, fibrinogen, and platelet counts were not different in
subclinical- and overt hyperthyroidism (50). In general,
the studies on subclinical hyperthyroidism and hemosta-
sis are scarce and current findings are more in favor of a
hypercoagulable state. More studies are required in this re-
gard (see Table 3).
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4. Conclusions

Although most of the studies are in favor a hypercoagu-
lable state in both overt- and subclinical hyperthyroidism,
however, this relationship is mostly underappreciated as
it may be partly due to the fact that the majority of the
studies have not been associated with relevant clinical im-
plications. There are an increasing number of population-
based studies in favor of hyperthyroidism as a risk fac-
tor for VIE. However, there is still a need for large-scale,
prospective, multicenter studies to confirm it. Of course,
finding a control group with overt hyperthyroidism who
would serve as the control group for a prospective study
for evaluation of VIE and/or bleeding occurrence is almost
practically not feasible, and instead the general popula-
tion may be recruited instead, however, this would not
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Figure 2. Changes in hemostatics parameters in favor of hypercoagulability in overt and subclinical hyperthyroidism
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uPA, Urokinase type plasminogen activator; a2 - AP = a2.

be that much an issue with subclinical hyperthyroidism. 2.

The number of studies on subclinical hyperthyroidism is
scarce though. Confirmation that overt-and/or subclinical

3
hyperthyroidism would be a risk factor for VTE, and there-
fore a patient with VTE and hyperthyroidism can be clas-
sified as “provoked” or “unprovoked” has a significant im- 4
pact on clinical management of the patients and the dura- 5
tion of anticoagulation therapy.
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