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Abstract

Background
Recently, we demonstrated that hyperthyroidism is associated with the formation of compact 
fibrin networks ex vivo, which are resistant to fibrinolysis, providing one mechanism for 
increased thrombosis risk in this condition. As a bleeding tendency has been described in 
hypothyroidism, we wondered whether the opposite would be true for hypothyroidism.

Methods
Ex vivo fibrin clot structure/fibrinolysis and plasma levels of thrombotic markers were 
investigated in the hypothyroid phase and repeated following levothyroxine treatment and 
achievement of euthyroidism. Clot structure analysis was undertaken using turbidimetric 
analysis and confocal microscopy, as described elsewhere in detail.

Results
Clot maximum absorbance was lower during the hypothyroid compared with the euthyroid 
phase (0.317±0.016 and 0.362±0.016 arbitrary units, respectively; p<0.01) and clot lysis 
time was shorter 545±36 and 595±32 sec, respectively; p<0.01). Levels of fibrinogen and 
PAI-1 were significantly lower during hypothyroidism compared to euthyroidism. Confocal 
microscopy showed less compact fibrin clot during the hypothyroid compared with the 
euthyroid phase. No correlation was detected between clot structure parameters and TSH or 
FT4 levels.

Conclusion
These findings demonstrate less compact fibrin networks with enhanced fibrinolysis during 
hypothyroidism, consistent with a bleeding tendency in this condition. 
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Background

Hyperthyroidism is associated with increased risk of thrombotic events whereas a bleeding 
tendency is observed in hypothyroidism.1 Fibrin clot structure/function has been shown to 
predict predisposition to thrombotic events, as clots with compact structure and resistance 
to fibrinolysis are associated with premature and more severe atherothrombotic disease.2

We have demonstrated in a recent study that hyperthyroidism is associated with the 
formation of compact fibrin networks ex vivo, which are resistant to fibrinolysis,3 providing 
one mechanism for increased thrombosis risk in this condition.3,4 Interestingly, these changes 
are reversible upon restoration of euthyroidism. In contrast to hyperthyroidism, a bleeding 
tendency has been described in hypothyroidism, despite the increase in body weight, 
hypertension and dyslipidemia which are expected to be associated with a prothrombotic 
environment.4,5 There are no studies to date analysing the fibrin network in hypothyroidism 
and the aim of the present work was to investigate clot structure and fibrinolysis in 
hypothyroid patients before and after normalisation of thyroid function and contrast these 
results to our findings in hyperthyroid patients. 

Methods
Ex vivo fibrin clot structure/fibrinolysis and plasma levels of thrombotic/inflammatory 
markers were investigated in the hypothyroid phase and repeated following levothyroxine 
treatment and achievement of euthyroidism. Plasma levels of fibrinogen, and plasminogen 
activator-1 (PAI-1) were measured by the Clauss method and ELISA as previously described.3 
Clot structure analysis was undertaken using turbidimetric analysis and confocal microscopy, 
as described elsewhere in detail.3,6 The following parameters were recorded in turbidimetric 
analyses: Maximum absorbance (MA), a measure of fibrin fibre thickness and clot density. MA 
has been consistently associated with increased risk of atherothrombosis in various studies.6,7 
Lysis time (LT), measured as time from full clot formation to 50% lysis is an indicator of 
fibrinolytic potential. Longer LT is associated with increased risk of atherothrombotic events.8,9 
Lysis area (LA), is a complex measure of clot formation, lysis an clot maximum absorbance. 
Larger LA is associated with increased CV risk.6 Confocal microscopy was further used to 
visualise the fibrin networks.3,6 All samples were analysed individually except for confocal 
microscopy where a random pool of 10 plasma samples from subjects with hypothyroidism 
and a pool of the same individuals in the euthyroid phase were studied. 
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Results

Twenty patients with overt hypothyroidism, 7 men and 13 women, were approached at the 
outpatient clinic. Inclusion criteria included thyroid hormone levels <10 pmol/l and TSH levels 
of ≥10 mIU/l. Exclusion criteria included: age below 18 years, secondary hypothyroidism, 
subclinical hypothyroidism, or presence of inflammatory disease. The mean age was 49 (range 
25-86) years, with a body mass index of 28 (range 18-40) kg/m2. Presence of comorbidities 
is shown in Table 1. Hashimoto’s thyroiditis was the most common cause of hypothyroidism, 
accounting for 70% of the cases. In all patients euthyroidism was achieved after a medium 
duration of substitution therapy of 5±1.1 (mean±SEM) months. 

Thyroid function tests, clot structure parameters and thrombotic/inflammatory markers 
in these patients at baseline and after normalising thyroid function are shown in Table 1. 
Other than levothyroxine, patients did not receive any additional treatment between baseline 
and follow up blood sampling and did not suffer a new clinical event during this period. At 
baseline, mean FT4 levels were 6.55±0.54 pmol/l and TSH 92.3±17.2 mIU/l. At follow up, all 
patients reached euthyroidism with mean FT4 levels increasing to 17.1±0.48 pmol/l and TSH 
falling to 2.14±0.31 mIU/l.

Levels of fibrinogen and PAI-1 were significantly lower during hypothyroidism (2.26±0.09 
mg/ml and 408±61 pg/ml, respectively) compared to euthyroidism (2.42±0.10 mg/ml and 
618±94 pg/ml; p<0.05 and p<0.01, respectively). Clot maximum absorbance was lower 
during the hypothyroid compared with the euthyroid phase (0.317±0.016 and 0.362±0.016 
au, respectively; p<0.01) and clot lysis time was shorter 545±36 and 595±32 sec, respectively; 
p<0.01). Clot lysis area also followed the same pattern (275±22 and 332±26 au, respectively; 
p<0.01). Confocal microscopy of pooled samples, performed in duplicate experiments, showed 
less compact fibrin clot during the hypothyroid compared with the euthyroid phase in the 
same patients (Figure 1). No correlation was detected between clot structure parameters and 
TSH or FT4 levels.
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Table 1. Thyroid function, clot structure parameters and thrombotic markers in hypothyroid patients 
at baseline and after normalising thyroid function. Lower panels represent confocal microscopy of clots 
made from a pool of random plasma samples (n=10) during hypothyroidism and after levothyroxine 
treatment to achieve euthyroidism. 

Hypothyroid Euthyroid % Change p

Number of Subjects 20 - -

Female (%) 13 (65) - -

Age years (range) 49 (25-86) - -

BMI kg/m2 (range) 28 (18-40)

Etiology of hypothyroidism (%)
- Hashimoto’s thyroiditis
- Thyroiditis 
- Post 131I therapy
- Post surgery 
- Overtreatment of hyperthyroidism

14 (70)
2 (10)
1 (5)

2 (10)
1 (5)

Co morbidities1 (%):
- Hypertension
- Diabetes type II
- Dyslipidemia
- Coronary artery disease 

6 (30)
2 (10)
3 (15)
1 (2)

FT4 (pmol/l) 6.55 ± 0.54 17.1 ± 0.48 + 161 <0.001

TSH (mIU/l) 92.3 ± 17.2 2.13 ± 0.31 - 98 <0.001

MA (au) 0.32 ± 0.02 0.36 ± 0.02 + 14 0.008

Lysis time (sec) 544.8 ± 35.7 594.6 ± 31.6 + 9 0.007

Lysis area (au) 275.9 ± 21.7 332.4 ± 26.4 + 20 0.008

Fibrinogen (mg/ml) 2.26 ± 0.09 2.42 ± 0.10 + 7 0.05

PAI-1 (pg/ml) 408.2 ± 60.7 618.4 ± 94.4 + 51 0.003

p indicates p-value of significance; BMI, body-mass index; 131I therapy, radioactive iodine therapy; FT4, 

Free thyroxine; TSH, Thyroid stimulating hormone; MA, clot maximum absorbance; Lysis time, time from 
full clot formation to 50% lysis; Lysis area,; PAI-1, plasminogen activator inhibitor-1; NS, not significant. 
1 Comorbidities at diagnosis of hypothyroidism. Hypertension is diagnosed as systolic blood pressure 
≥140 mmHg and/or diastolic blood pressure ≥ 90 mmHg or when treated with blood pressure lowering 
medication. Dyslipidemia was diagnosed when total cholesterol and LDL-C values were above the 95th 
percentile for age and sex or when treated with lipid lowering medication. One patient had experienced a 
myocardial infarction 6 months before hypothyroidism was diagnosed.

Hypothyroid               Euthyroid
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Discussion

The results of this study demonstrate less compact fibrin networks with enhanced fibrinolysis 
during hypothyroidism, consistent with a bleeding tendency in this condition. These changes 
in fibrin clot structure occur despite weight gain, hypertension and dyslipidemia, associated 
with hypothyroidism.4,5 These alterations in clot structure are due, at least in part, to lower 
fibrinogen and PAI-1 levels during hypothyroidism. 

A strength of this report is the interventional nature of the work, showing a clear change 
in fibrin clot structure and fibrinolysis upon restoration of euthyroidism in individuals 
with severe primary hypothyroidism. These data provide one explanation for the increased 
bleeding tendency in patients with hypothyroidism and also suggest that these individuals 
are to some extent protected from thrombotic events despite the associated cardiovascular 
risk factors including dyslipidemia, hypertension and increased weight. 

One criticism of the study is the absence of a healthy control group and therefore it is unclear 
whether achieving euthyroidism normalises the less compact fibrin clots and hypofibrinolysis 
in individuals with hypothyroidism. This will require a study with larger number of individuals, 
given the various confounding variables and the difficulties encountered recruiting healthy 
controls in this age group.

The results of this study further enhance our understanding of the mechanisms responsible 
for increased risk of bleeding in hypothyroidism and complement our findings of a thrombotic 
environment during hyperthyroidism. The association between altered clot structure 
characteristics and clinical thrombotic/bleeding events in thyroid dysfunction remains an 
area for future studies.
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