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Abstract

Context: There are contradictory results on the effect of hypothyroidism on the changes in hemostasis. Inadequate population-
based studies limited their clinical implications, mainly on the risk of venous thromboembolism (VTE). This paper reviews the stud-
ies onlaboratory and population-based findings regarding hemostatic changes and risk of VIE in hypothyroidism and autoimmune
thyroid disorders.

Evidence Acquisition: A comprehensive literature search was conducted employing MEDLINE database. The following words were
used for the search: Hypothyroidism; thyroiditis, autoimmune; blood coagulation factors; blood coagulation tests; hemostasis,
blood coagulation disorders; thyroid hormones; myxedema; venous thromboembolism; fibrinolysis, receptors thyroid hormone.
The papers that were related to hypothyroidism and autoimmune thyroid disorder and hemostasis are used in this review.
Results: Overt hypothyroidism is more associated with a hypocoagulable state. Decreased platelet count, aggregation and agglu-
tination, von Willebrand factor antigen and activity, several coagulation factors such as factor VII, IX, XI, VI, and plasminogen
activator-1are detected in overt hypothyrodism. Increased fibrinogen has been detected in subclinical hypothyroidism and autoim-
mune thyroid disease rendering a tendency towards a hypercoagulability state. Increased factor VIl and its activity,and plasminogen
activator inhibitor-1 are among several findings contributing to a prothrombotic state in subclinical hypothyroidism.
Conclusions: Overt hypothyroidism is associated with a hypocoagulable state and subclinical hypothyroidism and autoimmune
thyroid disorders may induce a prothrombotic state. However, there are contradictory findings for the abovementioned thyroid dis-
orders. Prospective studies on the risk of VIE in various levels of hypofunctioning of the thyroid and autoimmune thyroid disorders

are warranted.
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1. Context

Hemostasis is an essential process that maintains the
integrity of the blood stream in the human body. When
a vessel wall is breached or the endothelium is disrupted,
collagen and tissue factor are exposed to the blood stream.
The former triggers the accumulation and activation of
platelets for the formation of a hemostatic plug (primary
hemostasis), whereas the latter initiates thrombin gener-
ation (secondary hemostasis), which not only converts fib-
rinogen to fibrin for the generation of a fibrin meshwork to
stabilize the platelet thrombus, but also activates platelets
(1). Disequilibrium between activators and inhibitors of
the hemostatic system may result in bleeding or patholog-
ical thrombosis. Tendency to thrombosis, arterial and/or
venous, is associated with increased morbidity and mor-
tality (1). Thyroid hormones are potent mediators of nu-
merous physiological and metabolic processes, including
blood coagulation and their abnormalities can adversely
affect various steps in the coagulation cascade (2, 3). The
effect of thyroid hormone on the coagulation-fibrinolytic

system is mainly mediated through interaction of the hor-
mone and its receptors (4, 5).

The earliest reports on a link between thyroid disor-
ders and coagulation abnormalities are from the early
years of the past century (6-8). Since then, several studies
have been conducted on thyroid function abnormalities
and their effect on the hemostasis with contradictory re-
sults (9-19). The present report provides an updated and
comprehensive report on hemostasis changes in hypothy-
roidism and autoimmune thyroid disorders.

2. Evidence Acquisition

The following search terms (medical subject head-
ing, terms, and text words) were used for the MEDLINE
search until March 2016: Hypothyroidism; thyroiditis,
autoimmune; blood coagulation factors; blood coagu-
lation tests; blood coagulation disorders; thyroid hor-
mones; myxedema; venous thromboembolism; fibrinoly-
sis, hemostasis, thyroid diseases, thyroid hormones, recep-
tors thyroid hormone. In addition, by hand-searching ref-
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erence lists in review articles and relevant textbook chap-
ters were searched for papers beyond 2000. The eligibility
criteria were inclusion of all types of studies that evaluated
alterations in hemostatic parameters and/or occurrence of
clinical hemostatic events including venous thromboem-
bolism (VTE) and/or bleeding in hypothyroidism and/or
autoimmune thyroid disorder (AIT). The authors reviewed
all the titles and abstracts generated by the search engine
and exclude those that were not covering the eligibility cri-
teria. For potentially relevant studies hard copies of the
full article was obtained and the studies were reviewed in
detail to make sure they met the inclusion criteria. Figure
1 shows the flowchart of studies assessed and selected by
two reviewers.

A total of 457 papers were cited and after exclusion
244 papers that did not meet inclusion criteria, 213 papers
were thoroughly studied and in order to submit the cur-
rent manuscript to this journal, the number of papers was
further decreased (Figure 1). In order to prevent missing
any scientific points from the omitted papers, review ar-
ticles containing those scientific points were used in the
manuscript’s reference list. Throughout the manuscript,
evidence in favor of hypercoagulability, hypocoagulability,
or no alterations in hemostatic parameters, if applicable,
has been provided for each thyroid-related topic.

3. Results

3.1. Overt Hypothyroidism

Primary hypothyroidism is a common disorder and is
present in 0.3% of the U.S. population (20). The associ-
ation of overt - and subclinical hypothyroidism with all-
cause mortality independent of coronary artery disease
risk factors has been shown (21). The traditional theory
held thatinadequate thyroid hormone level contributes to
atherosclerosis (22).

Both hypocoagulation and hypercoagulation have
been reported in hypothyroidism; however, the results
seem to be dependent on the severity of the hypothy-
roidism as severe hypothyroidism is accompanied with
a tendency to bleeding (7, 23-30), whereas, moderate hy-
pothyroidism shows a prothrombotic status (11, 16-19, 24).
The markers of endothelial injury have been reported to
be within normal limit in hypothyroidism and therefore,
whether there is a vascular injury in hypothyroidism is
unclear (31).

3.2. Hypocoagulability

Mild mucocutaneous bleeding (epistaxis, gum bleed-
ing, menorrhagia, bruising)is frequently observed in overt
hypothyroidism patients, mainly due to an acquired von

Willebrand syndrome type 1 (32, 33). Among the miscel-
laneous causes of aVWS, hypothyroidism has been associ-
ated with aVWS type 1 with a frequency of ~ 2% -5% (32). In
a cohort study on 90 hypothyroid patients, prevalence of
aVWSwas calculated as von Willebrand antigen (VWF:Ag) <
50% and/or vWFristocetin activity (VWF:RCo) < 50%. Thirty-
three percent of children had VWS of whom 9% were mod-
erate and 24% were mild form of the disease. After restora-
tion of euthyroidism by thyroid hormone therapy, there
was a significant improvement in VWF:Ag, VWF:RCo, factor
VIII, and endogenous thrombin potential by 44%, 36%, 39%,
and 10%, respectively (34). The complete relief of aVWS by
treatment of hypothyroidism with thyroxine is consistent
with a causal relationship (35).

Hypothyroidism has been reported to be associated
with a decreased- (36), increased- (37), or an unaffected (38,
39) platelet count, as well as a decreased platelet aggre-
gation (36) and agglutination (40). Other platelet indices
and function in hypothyroidism, such as decreased adhe-
siveness, aggregation, platelet factor, heat production, ab-
normal response to aspirin, and abnormal prostaglandin
production are summarized elsewhere (41). Patients with
overt hypothyroidism have low levels of vWF and pro-
longed collagen/epinephrine closure time (CEPI-CT) and
collagen/ADP closure time (CADP-CT) and CEPI/CT prolon-
gation is reversed during levothyroxine therapy (42).

In a study on 15 overt hypothyroid, 15 subclinical hy-
pothyroid and 15 euthyroid controls, increased bleeding
time, prothrombin time (PT), activated partial thrombo-
plastin time (aPTT), and clotting time and decreased FVIII
activity (FVII:C) and vWF activity (VWF:C) were detected
in overt hypothyroid compared to control individuals.
The findings related to subclinical hypothyroidism (SCH)
have been discussed below under “Subclinical Hypothy-
roidism”. Each of the above-mentioned parameters nor-
malized after levothyroxine treatment (38).

Hypothyroidism was associated with decreased levels
of FVIII, FIX, and FXI (25, 26), increased fibrinolytic activity
(27-29), and increased plasminogen and decreased inhibi-
tion of plasminogen activator inhibitor (28). Euthyroidism
following usage of levothyroxine returned these parame-
ters to normal levels (28) and FVIII:C was increased follow-
ing levothyroxine therapy (26). Mildly decreased FVIII:C
and significantly decreased factor VIIl-related antigen and
ristocetin cofactor activity was noted in hypothyroidism
with remarkable increase in their levels when treated with
thyroid hormone therapy (43).

Hypothyroidism has also been associated with a de-
crease in factor VIII activity, VWF Antigen, vVWF activity, vWF
ristocetin, fibrinogen, ristocetin agglutination (24, 38, 44,
45), factor IX, XI (25), decrease in plasminogen activator in-
hibitor, factor VIII:C, vWEF:C (38, 43). A recent study on thy-
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Studies retrieved in the primary search (n = 457)

|

Studies not meeting aim of the review (n =244)

|

Articles reviewed thoroughly by the authors (n =213)

|

Articles selected to be used in the review (n=99)

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

roidectomized patients with severe short-term hypothy-
roidism before and after receiving either levothyroxine re-
vealed that hypothyroidism is associated with significant
decrease in FVIII activity, vWF antigen, vWF activity and in-
creased aPTT compared to the time that the patient be-
comes euthyroid after receiving thyroid hormone replace-
ment therapy. Administration of recombinant human TSH
(rhTSH) has no effect on coagulation factors, which sug-
gests alteration in coagulation factors is due to thyroid
hormone deficiency rather than elevation in TSH (46), al-
though the effects of rhTSH are relatively short lived.

Compared with pretreatment values in hypothyroid
patients, significant increases were noted in plasma con-
centrations of vWF, fibronectin and plasma arginine-
vasopressin (AVP) levels after levothyroxine therapy (47).

A study of 20 patients with overt hypothyroidism be-
fore and after therapy with thyroid hormones revealed a
less compact fibrin structure with enhanced fibrinolysis
consistent with a bleeding tendency, in hypothyroidism
versus euthyroidism in the same patient (48). Fibrin clot
structure/function has been shown to predict predisposi-
tion to thrombotic events, as clots with compact structure
and resistance to fibrinolysis are associated with prema-
ture and more severe atherothrombotic disease (49).

Fibrinogen and PAI-1levels are significantly lower in hy-
pothyroid patients compared to their euthyroid state after
hormone replacement therapy (48).

In rats, FVII activity (FVII:C) was significantly decreased
in hypothyroid rats (50), and hypothyroidism resulted in
50% decrease of the metabolic rates of factors II, VII, and X
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compared to euthyroid- and thyroxin-treated hypothyroid
rats. These results are suggestive of the influence of thy-
roid function on the synthesis rate of the protein moiety of
coagulation factors and are supportive of a hypocoagula-
tion state in hypothyroidism (51). Table 1 shows a summary
of changes in hemostatic parameters attributed to hypoco-
agulability in overt hypothyroidism.

3.3. Hypercoagulability or no Alteration in Hemostasis

In contrast to the comments noted above, there are sev-
eral studies that are in favor of a hypercoagulable state or
a “No change” in hemostasis parameters.

In a large-scale study using data of the national hospi-
tal discharge survey (NHDS) for patients discharged from
short-stay nonfederal hospitals in the United States, from
1979 to 2005, pulmonary embolism (PE) was present in
119,000 of 19,519,000 (0.61%) hypothyroid patients com-
pared to 3,372,000 of 908,805,000 (0.37%) patients with no
thyroid dysfunction (relative risk =1.64, 95% CI1.63 - 1.65).
Deep venous thrombosis (DVT) was diagnosed in 1.36% of
hypothyroid patients and in 0.84% of patients with no thy-
roid dysfunction (relative risk =1.62, 95% CI1.61-1.62). Hy-
pothyroid patients younger than 40 years of age had the
highest relative risks for PE (3.99) and DVT (2.25). This is in
favor of a hypercoagulable state in hypothyroidism, how-
ever, authors commented that despite of this increase in
the risk of VTE, antithrombotic prophylaxis should still be
considered in the context of a possible hyperfibrinolytic
state in such patients (52).

In a large-scale study, databases of linked statistical
records of hospital admissions and death certificates for
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Table 1. Summary of Changes in Hemostatic Parameters Attributed to Hypocoagulability in Overt Hypothyroidism*

Changes

- Decreased vVWF:Ag and/or vVWF ristocetin:C(vWF:RCo) in acquired vW syndrome (32, 33)

- Decreased platelet count, platelet adhesion, platelet aggregation and heat production and abnormal response to aspirin and abnormal prostaglandin production

(38,42)

- Decreased FVIII, FIX, FXI (25, 26)

- Decreased FVIIL:C, FVIII:related Ag and ristocetin cofactor activity, VWF Ag, VWF:C, vWF ristocetin, fibrinogen, ristocetin agglutination (24, 38, 43-45)

- Decreased FVII:C in rats (50)

- Decreased metabolic rates of FII, FVIl and FX in rats (50)
- Decreased fibrinogen (48)

- Less compact fibrin structure (48)

- Prolonged CEPI-CT and CADP- CT

- Increased BT, PT, aPTT, and CT (38)

- Increased fibrinolysis activity (27-29, 48)

- Increased plasminogen (28)

- Increased inhibition of PAI1(28)

Abbreviations: Ag, antigen; aPTT, activated partial thromboplastin time; BT, bleeding time; C, activity; CADP-CT, collagen/ADP closure time; CEPI-CT, collagen/epinephrine

closure time; CT, clotting time; F, factor; PT, prothrombin time; vW, von Willebrand.

*References are shown in parenthesis.

Figure 2. Mechanisms contributing in hypocoagulability in overt- and subclinical hypothyrodism*
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the Oxford record linkage study area (ORLSI: 1968 to 1998
and ORLS2: 1999 to 2008) and the whole of England (1999
to 2008) were analyzed. There was a significant elevation
of risk of venous thromboembolism (VTE) among patients
with myxedema in all three populations with rate ratio

(95% CI) of 1.47 (1.27 - 1.70, P < 0.001) for ORLS1 population,
1.36(1.22-1.52,P< 0.001) for ORLS2 population,and 1.30 (1.27
-1.33,P < 0.001) for England data set (53). Additionally, cere-
bralvein thrombosis has been reported in hypothyroidism
(54).
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Although a decrease in levels of serum thyroxine was
accompanied by a decrease in factor VIII in “Mild to mod-
erate” hypothyroidism, euglobulin lysis time was cor-
respondingly prolonged, suggesting a hypofibrinolysis.
There was also a reciprocal correlation between thyroid
antibody titers and fibrinolysis (55). Another study on
overt hypothyroidism showed an imbalance between indi-
cators of thrombin and plasmin activity (i.e., fibrinopep-
tide A and fibrinopeptide BR) in favor of a hypercoagula-
ble state (17). Free thyroxin levels were reciprocally corre-
lated with levels of plasma D-dimer and plasminogen ac-
tivator inhibitor-1 (PAI-1) and activity of factor VII (FVIL:C)
and factor VIII (FVIII:C). These findings were suggestive of
a hypercoagulable state (56). High fibrinogen levels and
elevated FVII activity are suggestive of hypercoagulability
(57). There was a negative and independent relationship
between fibrinogen and FT4 in 959 patients and it was
consistent with a tendency to a more coagulable state in
patients with normal-low FT4 levels compared with those
with normal-high FT4 levels (58).

Thrombin-activatable fibrinolysis inhibitor (TAFI) is
the protein that links coagulation and fibrinolytic system.
TAFIis a glycoprotein thatis synthesized in the liver and cir-
culates in the plasma as a carboxypeptidase B-like proen-
zyme. Thrombin activates TAFI and activated TAFI (TAFla)
protects the fibrin clot against lysis (59), thus acting as
a “Fibrinolysis inhibitor”. This anti-fibrinolytic function is
based on cleavage of C-terminal lysine residues of partly
degraded fibrin, the binding site of plasminogen and its
activator, tissue plasminogen activator (t-PA). This process
results in less plasmin formation. TAFI attenuates the fibri-
nolytic system by inhibiting the binding of plasminogen
to fibrin and attenuation of fibrin-plasminogen interac-
tion that causes inhibition of fibrinolysis and a tendency
to thrombosis (59-62). The elevation of TAFI antigen is a
cause of hypofibrinolysis in several endocrinological dis-
orders (63, 64). Elevated TAFI antigen levels were detected
in overt hypothyroidism, suggesting fibrinolysis inhibi-
tion and levothyroxine treatment was effective in reduc-
ing these levels (65-67). TAFI antigen and activated TAFI
(TAFIa) levels were significantly elevated in hypothyroid
compared to control group patients and these levels de-
creased by levothyroxine therapy. PAI-1 and t-pA, however,
were similar between two groups. The authors believe that
fibrinolytic activity substantially decreases when hypothy-
roidism gets more severe and thyroid hormone therapy to
restore euthyroidism may be important in ameliorating
the increased risk of cardiovascular events (62).

The majority of the studies noted were conducted on
adults. An observational study on children aged 0 - 16
months revealed a significant increase in TAFI antigen lev-
els and a significant decrease in tissue factor pathway in-
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hibitor (TFPI) antigen and thrombomodulin antigens lev-
els in hypothyroid infants compared to healthy children
that is consistent with subclinical hypercoagulability and
hypofibrinolysis states. The abnormal coagulation param-
eters in hypothyroid children returned to normal upon
levothyroxine therapy with the highest impact on correc-
tion of TFPI among hypothyroid subjects (68).

In a study on 15 untreated hypothyroid subjects versus
age-matched healthy controls, increased factor VII, throm-
bomodulin, and TAFI and decreased factor V, factor VIIJ,
VWF, protein C, protein S, and tissue factor pathway in-
hibitor, representing a potential hypercoagulable and hy-
pofibrinolytic state and, possible endothelial dysfunction,
was found which might augment the risk for atheroscle-
rotic and atherothrombotic complications (66).

Moderate hypothyroidism was associated with de-
creased fibrinolytic activity, as reflected by lower D-dimer
levels, higher alpha-2 antiplasmin activities, and higher
levels of t-PA and PAI-1 antigen (PAI-1 Ag). On the contrary,
severe hypothyroidism was accompanied with higher D-
dimer levels, lower alpha-2 antiplasmin activities, and
lower t-PA and PAI-1 Ag levels. These results were not ac-
counted for by confounding factors such as age, smoking,
and components of the insulin resistance syndrome (9-11,
14,15,17,18, 24,38, 56, 62, 69).

The large cross sectional study of health in pomerania
in Germany showed higher plasma fibrinogen in elevated
TSH group. Forty-three subjects with mean TSH of 12.56 +
18.59 (normal: 0.3 - 3) mU/L and free T4 of 0.9 = 0.34 (nor-
mal: 0.8 - 2.0) ng/dL were grouped as elevated TSH or hy-
pothyroid patients. The manuscript has not provided what
percentage of hypothyroid patients were subclinical, mild,
moderate, or severe. Based on the mean values of TSH and
free T4 itappears that hypothyroidism likely had moderate
severity. If so, this is in support of a hypercoagulable state
in this group of hypothyroid individuals (70). Hypothyroid
rats showed significantly increased tissue factor activities,
which may have another risk factor for cardiovascular dis-
eases (50).

In a case-control study in Sudan, hypothyroid patients
showed decreased PT and no significant change in aPTT,
plasma fibrinogen levels, and platelet counts (71). Hypothy-
roid patients under treatment with levothyroxine and nor-
mal free T4 and free T3 were classified into three groups
based on their TSH levels (0.4 - < 2,2 -< 5.5, and 5.5 - <
20 mU[L, respectively) and they did not show any differ-
ences in their fibrinogen and D-dimer levels (72). Hypothy-
roidism was associated with a non-significant change in
plasminogen activator, antiplasmin (a plasmin inhibitor),
and fibrinogen levels (28).

The findings of an experimental study conducted on
rats following injections of TRH, TSH, T3, and T4 subcuta-
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neously for three days adds more confusion to the already
contradictory results. TSH did not have any significant ef-
fect on factors II, VII, IX, X in rats, whereas TRH and T3 sig-
nificantlyreduced activities of the aforementioned factors.
T4 had only a significant effect on reduction of FII activity.
However, TRH, TSH, T3, and T4 each one individually pro-
longed aPTT and PT significantly, which suggests possible
effects of these hormones on other factors in intrinsic and
extrinsic coagulation pathways (73).

The mechanism(s) underlying changes in coagulation
parameters in hypothyroidism is not well established. A
proposed mechanism is direct effect of thyroid hormones
as there are several studies in favor of a prothrombotic ef-
fect of thyroid hormones in the literature (19, 38, 44, 69).
However, it has been unclear as to whether a deficiency in
thyroid hormone levels or an elevated TSH (or both) con-
tributes to alterations in coagulation parameters. An ex-
perimental study on rats did not show any significant ef-
fect of TSH on factors (F) II, FVI], FIX, FX, while T3 caused sig-
nificantly reduced activities of the factors and T4 had the
same effect on only FII (73).

In a meta-analysis on thyroid dysfunction and
hemostasis alterations, the studies with a “Moderate-
quality” revealed that hypothyroidism is associated with
increased bleeding time, PT, aPTT, clotting time and
decrease in FVIII:C, VWF Ag, VWF activity (VWF.C), VWF
ristocetin, fibrinogen, and ristocetin agglutination (24).
However, using meta-analysis on observational studies is
controversial (74).

Several changes in plasma levels of of antiplasmin,
tissue-type plasminogen activator (t-PA), plasminogen ac-
tivator inhibitor 1(PAI-1), and D-dimer have been described
earlier, which suggest thyroid hormone deficiency may af-
fect fibrinolytic system as well (18, 24, 59). However, the net
effect of deficiency of thyroid hormone on fibrinolytic ac-
tivity remains unclear (24, 75).

In summary, the most common coagulation disorder
in overt hypothyroidism is acquired vonWillebrand’s dis-
ease. Reduced levels of FIX, FX, and FXI are reported (15,
24, 26, 38, 76). Evidence regarding other coagulation pa-
rameters is less robust but increased fibrinogen activity,
decreased or no change in fibrinogen levels and reduced
levels of other coagulation factors have been reported (9-
11,14,15,17,18, 24, 27, 28,38, 56, 69).

3.4. Subclinical Hypothyroidism

Subclinical hypothyroidism (SCH) defined as elevated
TSH with normal levels of free T4 and T3 has been related
to enhanced atherogenesis and is found in 4.3% of the U.S.
population (20).

3.5. Hypercoagulability

SCH has been shown to be an independent risk factor
for atherosclerosis and myocardial infarction (77, 78). A
retrospective cohort analysis on 6408 consecutive patients
from the PreCIS (preventive cardiology information sys-
tem, cleveland clinic) database suggested patients at high-
risk for coronary artery disease who suffer from either hy-
pothyroidism or moderate, and not mild, SCH need to be
treated with levothyroxine as they have increased all-cause
mortality independent of coronary heart disease (21). In-
terestingly, in the same study, fibrinogen levels were signif-
icantly higher in moderate SCH and hypothyroid groups
at the initial visit (21). A possible increased risk of cardio-
vascular disorders has been proposed in patients with sub-
clinical hypothyroidism, suggesting of a prothrombotic ef-
fect being involved (18, 56). On the other hand, the role of
coagulation-fibrinolytic system in the pathophysiology of
atherosclerosis and arterial thrombosis is still unresolved
(79, 80). Additionally, whether arterial and venous throm-
boembolism share common risk factors and a common
pathophysiology remains to be clarified (80). It has been
hypothesized that SCH leads to coagulation disorders and
deep venous thrombosis, which can explain some cases of
sudden death associated with pulmonary embolism with-
out other significant risk factors of coagulation disorder
(81). A pilot study on 50 individuals with unprovoked deep
vein thrombosis (DVT), 50 individuals with provoked DVT,
and 50 controls showed unrecognized SCH in 14% of un-
provoked DVT and 2% of the provoked DVT and controls.
This report suggests an increased prevalence of SCH in un-
provoked DVT (33). The clinical relevance of this finding
requires prospective studies. Several results have already
associated SCH with an increased thrombotic risk (24, 75).
The changes in hemostatic parameters may be the con-
tributing factor in increasing the risk of cardiovascular
events (35, 69, 77, 82).

Whether elevated serum TSH contributes to the athero-
genesis remains to be further evaluated. There is evi-
dence against and in favor of this possible role. Elevated
TSH can promote vascular smooth muscle cell prolifera-
tion through the cAMP-dependent pathway. This may con-
tribute to atherogenic effect of TSH (83). On the contrary,
in an experimental study on rats, injections of TSH subcu-
taneously for three days did not have any significant effect
on factors II, VII, IX, X in rats, whereas significantly pro-
longed activated partial thromboplastin time (aPTT) and
prothrombin time (PT) (73). Administration of levothy-
roxine or recombinant human TSH (rhTSH) to thyroidec-
tomized patients revealed that rTSH has no effect on co-
agulation parameters (i.e., fibrinogen, platelets, thrombin
time, PT, international normalized ratio (INR), aPTT, vWF
activity, vVWF antigen, and FVIII activity) compared to their
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hypothyroid status before receiving rhTSH (46).

Several studies have reported alterations of the coagu-
lation system in overt hypothyroidism and SCH and it ap-
pears that it is dependent on the degree of the severity of
thyroid dysfunction (84). Overt hypothyroidism has a ten-
dency towards bleeding whereas, SCH towards a hyperco-
agulable state (18, 24, 56, 75, 85). Although the latter as-
sumption could not be supported in a meta-analysis on
medium-quality observational studies, as FVIII:C and vWF
ristocetin were decreased in individuals with SCH, whereas
there was no change in bleeding time, aPTT, PT, and clot-
ting time (24).

Significantly higher levels of FVII, FVII activity (FVII:C),
and the ratio of FVII:C to FVII antigen (FVII:Ag) were ob-
served in patients with SCH compared to euthyroid con-
trols. The latter might reflect the presence of activated
FVIla, and consequently a hypercoagulable state, which
could contribute to the increased prevalence of coronary
heart disease reported in such patients (69). Increased
levels of fibrinogen, PAI-1, and factor VII and decreased
levels of antithrombin-III (ATIII) activity in patients with
SCH compared to controls were compatible with hypofib-
rinolyticand hypercoagulable states in SCH. Levothyroxine
treatment significantly decreased PAI-1 and factor Vil levels
(86). Apilot study on the effect of SCH on patients who take
vitamin Kantagonists suggests that SCH may have an effect
on both sensitivity and stability of vitamin K-antagonist
anticoagulants. Therefore, it is plausible that some pa-
tients with unstable INRs would suffer from unrecognized
SCH (87).

Elevated TAFI antigen levels, suggesting of a hypofib-
rinolytic state, were detected in SCH (88). Global fibri-
nolytic capacity was significantly lower in 14 subclinical hy-
pothyroid cases compared to 14 healthy controls (89). Ele-
vated plasma levels of TAFI antigen in subclinical hypothy-
roidism may be associated with hypofibrinolysis and ele-
vated risk of thrombosis. Normalization of thyroid state
following levothyroxine replacement seems to be effec-
tive in lowering of TAFI antigen levels (65). Elevated TAFI
antigen and TAFI activity suggest a hypofibrinolysis and a
thrombogenic situation in SCH (62). Decreased fibrinolytic
activity, expressed by lower D-dimer levels, higher alpha-
2 antiplasmin, and increased levels of tissue plasminogen
activator inhibitor antigen was identified in moderate to
severe hypothyroidism (18). Table 2 shows a summary of
hemostatic changes attributed to a prothrombotic state in
SCH.

3.6. Hypocoagulability or no Alteration in Hemostasis

A case control study on 15 SCH and 15 euthyroid con-
trols revealed significantly lower FVIII and vWF activities in
SCH compared to controls, which is in favor of a bleeding
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tendency. However, bleeding time and PT were similar be-
tween SCH and controls (38).

Inalarge Danish population-based study, plasma levels
of fibrinogen, PAI-1, vWF, and tPA antigen between 249 SCH
individuals (defined as TSH of 2.81-10 mU/L and normal T4
and T3) compared to euthyroid controls (normal reference
TSH of 0.60 - 2.80 mU|L) showed no statistical difference
(78). In the 5th Tromso epidemiological study, mild SCH in
88 patients showed 10% lower levels of activated FVII (FVIla)
compared to141euthryroid controls. This is supportive of a
bleeding tendency. Although the authors assume that this
coagulation abnormality may contribute to atherogenesis,
they also mentioned that the prognostic value of the low
FVIla remains to be established. In contrast to other stud-
ies on SCH, PAI-1 was slightly elevated compared to con-
trol group. However, the previous studies had higher TSH
levels in their case group compared to this study. In this
study, the rest of the coagulation parameters such as tissue
plasminogen activator antigen (tPA Ag), PAI-, prothrom-
bin fragment 1+ 2 (F 1+ 2), and total FVII coagulant activ-
ity (FVIL:c) were similar between cases and controls (92).
No differences could be found in coagulation/fibrinolysis
parameters between patients with SCH and control sub-
jects (77). These parameters include PT, aPTT, fibrinogen,
FV, FVII, FVIII, FIX, and FX activities, VWF, antithrombin III
(AT III), protein C, protein S, tissue plasminogen activator
(t-PA) and PAI-1 (77). In a study of hypothyroid patients un-
dergoing treatment with levothyroxine, there was no dif-
ference in fibrinogen and D-dimer levels between various
levels of TSH compared to controls. These case groups were
stratified into TSH levels of 0.4 to 2 mU|L (group 1; n =154),
TSH levels of 2 to < 5.5 mUJL (group 2; n =176), and TSH
levels of 5.5 to < 20 mU|L and normal free T3 and free T4
level (group 3; n =72). The latter group had a biochemical
picture similar to patients with SCH (72). Total and free tis-
sue factor pathway inhibitor (TEPI), PAI-, tissue plasmino-
gen activator (tPA) levels were similar in SCH and controls
(14). In a study in Sudan, PT, aPTT, fibrinogen, and platelet
counts were not different between subclinical- and overt
hypothyroidism (71).

3.7. Autoimmune Thyroid Disorder

Subclinical hypothyroidism and autoimmune thy-
roiditis (AIT) has been reported in a patient with cerebral
venous thrombosis (85).

Elevated mean fibrinogen levels were observed in pa-
tients with euthyroid Hashimoto’s thyroiditis compared
to euthyroid controls (90).

It has been hypothesized that patients with hypothy-
roidism and autoimmune thyroiditis are at increased risk
of cardiovascular events and a recent meta-analysis re-
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Table 2. Summary of Changes in Hemostatic Parameters Attributed to Hypercoagulability in Subclinical Hypothyroidism and Autoimmune Thyroid Disorders®

Changes

Subclinical hypothyroidism

Increased fibrinogen level (21, 86)

Increased FVII, FVII:C, ratio of FVII:C to FVII Ag [reflecting increased activated FVII] (69)

Increased PAI-1(86)

Increased TAFI Ag (62, 88)

Increased TAFI:C (62)

Decreased antithrombin-III:C (86)

Decreased global fibrinolytic capacity (89) or activity (18)
Autoimmune thyroid disorders

Increased fibrinogen level (90)

Increased fibrinopeptide A and fibrinopeptide B/3 15-42 (91)

Increased mean platelet volume (12)

Abbreviations: Ag, antigen; C, activity; F, factor; PAI-1, plasminogen activator inhibitor 1; TAF], thrombin activatable fibrinolysis inhibitor.

References are shown in parenthesis.

vealed anincreased risk of approximately 20% for coronary
heart disease (93).

Unlike coronary heart disease, there have been few epi-
demiologic studies on assessment of association between
hypothyroidism/AIT and an increase in risk of cerebrovas-
cular disease. These reports, mostly small studies, showed
conflicting results and had methodological limitations (7,
88). Autoimmune pathology in AIT might itself affect cere-
brovascular risk, as it has been previously shown for other
autoimmune disorders (23).

In a large-scale epidemiological study there was a
slight but significantly elevated risk of VTE among patients
with Hashimoto’s thyroiditis in England data set with a
rate ratio of 1.41 (95%CI, 1.15 - .72, P = 0.001). Neither ORLS1
nor ORLS2 showed similar finding (for details see “Hy-
pothyroidism”) (53).

A large-scale case-control study showed that AIT
slightly increases the risk of stroke independent of cardio-
vascular risk factors; however, a limitation of this study
was that it could not discriminate cases with hemorrhagic
or ischemic stroke. The “Stroke code” in the UK database
did not specify subtype (94).

Higher levels of fibrinogen, fibrinopeptide A, and fib-
rinopeptide B3 15-42 were found in toxic nodular goiter
(with 74% antimicrosomal antibody positivity) compared
to controls (91). Both increased antiphospholipid antibod-
ies and enhanced thrombin activity may contribute to hy-
percoagulable state in Grave’s disease (95).

Recently, it has been shown that mean platelet volume
in euthyroid patients with Hashimoto’s thyroiditis is sig-

nificantly higher than the healthy controls (96). It has been
reported that mean platelet volume was correlated with
anti-thyroid peroxidase antibody (TPOADb) in Graves’ dis-
ease (12). Table 2 shows a summary of hemostatic changes
attributed to a hypercoagulability in SCH.

There might be an interference of thyroid autoantibod-
ies in metabolism of warfarin or instead, on the in vitro
measurement of the international normalized ratio and
the quality of laboratory control (97). Some authors con-
sider that autoimmune disorders, in general, render a hy-
percoagulable state. A large-scale population-based retro-
spective cohort study in Sweden showed thatautoimmune
disorders are associated with a high risk of pulmonary
embolism in the first year after hospital admission, sug-
gesting a hypercoagulable state (98). It is noteworthy to
keep in mind that AIT maybe associated with other thyroid-
associated autoimmune coagulation disorders and a coag-
ulation evaluation including platelet count, aPTT and an-
tiphospholipid sydrome is suggested (99).

4. Overall Conclusions

There is a census on a hypocoagulable state in overt hy-
pothyroidism and a prothrombotic state in SCH and AIT.
Figure 2 shows some of the changes in hemostatic param-
eters that may contribute to hypocoagulability in overt-
and subclinical hypothyroidism. However, there are sev-
eral studies contradicting the above-mentioned findings.
Lack of clinical implications has increased this conflict.
Whether various levels of hypothyroidism severity and/or

Int ] Endocrinol Metab. 2017; 15(2):e42649.
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AIT would significantly predispose to bleeding or VTE, yet
to be proven. A study on SCH and occurrence of VTE has a
clinical importance. If SCH would have been proven to be
a risk factor for VTE, this can change clinical practice and
management of the patients as VIE would be re-classified
as “Provoked” or “Non-provoked” based on the presence or
absence of SCH. The prospective studies would be more in-
formative if hemostatic parameters would be measured in
regular intervals during the study.
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