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Abstract
Introduction: Thyroid hormone affects the coagulation system, but it is not clear 

whether this may also lead to venous thrombosis (VT). We aimed to establish 

the relation between different levels of serum free thyroxine (FT4), thyroid 

stimulating hormone (TSH), thyroid peroxidase antibodies (antiTPO), and the 

risk of venous thrombosis.

Methods: We used a large population-based case-control study of incident first 

venous thrombosis (MEGA) in which blood samples were taken in the months 

after the event. Plasma levels of FT4, TSH, and antiTPO were assessed in 2177 

cases and 2826 controls, and odds ratios (OR) with 95% confidence intervals (CI) 

were calculated. 

Results: We found an increased risk of venous thrombosis for higher levels 

of FT4, with odds ratios ranging from 1.45 (95% CI 1.18-1.79) for levels above 

the 90th percentile (19 pmol/L) to 2.18 (95% CI 1.02-4.68) for levels above the 

99.5th percentile (23 pmol/L), relative to levels in the 25th to 75th percentile and 

adjusted for age, sex, and body mass index. The pattern of increasing risk with 

higher levels of FT4 was most pronounced for shorter time between thrombosis 

and blood sampling, and in men (OR 7.1; 95% CI 2.0-25.9 for levels above the 99th 

percentile). There was a similar association for low levels of TSH. No clear relation 

was found for antiTPO. 

Conclusion: Levels of FT4 are associated with an increased risk of venous 

thrombosis in a dose-dependent fashion. 

Introduction
Case reports have pointed towards a relationship between thyroid disease and venous 
thrombosis. These case reports mainly described the association between hyperthyroidism and 
cerebral venous thrombosis[1-4], and suggested a possible effect of thyroid hormone excess on 
the coagulation system. Several studies have since then focussed on alterations in coagulation 
factors in patients with thyroid disease, and mostly confirmed, although not consistently, 
that hyperthyroidism was associated with prothrombotic changes. This included a rise in 
many individual coagulation factors, with the most consistent effects on levels of factor VIII, 
von Willebrand factor, and fibrinogen[5-7]. It is not clear, however, whether these effects may 
also lead to an increased risk of venous thrombosis. 
Studies assessing the effect of hyperthyroidism on the occurrence of venous thrombosis are 
scarce. In a recent study from Amsterdam, thyroid hormone parameters were measured at 
the time of diagnosis of venous thrombosis[8]. In a case-cohort study performed within the 
HUNT2 cohort in Norway, thyroid parameters were measured in blood samples taken before 
the occurrence of the thrombosis (unpublished data). Both studies showed a clear rise in the 
risk of venous thrombosis with increasing serum or plasma levels of free thyroxine (FT4). In 
a pilot study with 100 patients with a previous diagnosis of deep venous thrombosis and 50 
controls, no association between overt hyperthyroidism and venous thrombosis was observed[9]. 
Instead, the data suggested an association with subclinical hypothyroidism. This is remarkable, 
considering that hypothyroidism has generally been linked with a bleeding tendency due to an 
acquired form of von Willebrand’s disease[10;11]. Changes in coagulation factors that have been 
described in relation to hypothyroidism are reduced levels of factor VIII, von Willebrand factor 
and fibrinogen[7], which would predict a protective effect against venous thrombosis.
The aim of the current analysis was to study the relationship between levels of plasma 
FT4, thyroid stimulating hormone (TSH), thyroid peroxidase antibodies (antiTPO), and the 
occurrence of venous thrombosis in a large population-based case-control study.

Materials and Methods
Study design
The Multiple Environmental and Genetic Assessment of risk factors for venous thrombosis 
(MEGA) study is a large population-based case-control study. Data collection and ascertainment 
of venous thrombotic events have been previously described in detail[12]. Briefly, patients aged 
18 to 70 years, and diagnosed with a first deep venous thrombosis of the leg, a pulmonary 
embolism, or a combination of both were asked to participate in the study. Patients were 
recruited between 1999 and 2004 from six regional Anticoagulation Clinics in the Netherlands. 
Partners of these patients and subjects recruited by Random Digit Dialling (RDD), both 
frequency-matched for age and gender, were invited as control subjects. For both control 
groups, the same selection criteria as for patients were applied. The Ethics Committee of 
the Leiden University Medical Centre, Leiden, the Netherlands, approved the study protocol. 
Written informed consent was obtained from all participants. 
Participants were asked to complete a questionnaire on possible risk factors for venous 
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thrombosis and, with a minimum of 3 months and a maximum of 36 months after the event, 
were asked to donate a blood sample after an overnight fast. Only if a patient, or occasionally 
a control, was still using oral anticoagulant treatment after 1 year, the blood sample was 
drawn during anticoagulant treatment. Blood sampling was performed up to June 2002. 
Of 6237 eligible patients, 276 died before they could be included in the study. Of the remaining 
patients, 4958 (83%) participated. Information regarding the diagnostic procedure was 
obtained via hospital records and family physicians for 4059 patients. Deep venous thrombosis 
(DVT) was considered definite when (Doppler) ultrasonography showed the presence of a 
thrombus in the deep veins. Pulmonary embolism was considered definite when confirmed 
with a high-probability ventilation-perfusion scan, positive spiral computed tomographic 
findings, or positive angiographic findings. Pulmonary embolism was considered probable 
when the diagnosis was based on a low- or intermediate-probability ventilation-perfusion scan, 
inconclusive spiral computed tomographic findings, or inconclusive angiographic findings. 
In all 4958 patients, the diagnosis was considered definite or probable[13]. 
Of the 4958 participating patients, 3581 had an eligible partner of whom 2917 participated 
(81%). An additional 314 control subjects were included of whom the partner (case) was 
excluded for several reasons, resulting in a total of 3231 partners. Of 4350 eligible RDD control 
subjects, 3000 participated (69%). (Figure 1).

Figure 1. Flowchart of the inclusion in the present analysis within the MEGA.
VT indicates venous thrombosis; FT4, free thyroxine, TSH, thyroid stimulating hormone; and antiTPO, thyroid 
peroxidase antibodies.

Current analysis
For the present analysis, patients with a venous thrombosis of the arm were excluded because 
of the different pathophysiology underlying this type of thrombosis. Likewise, participants 
with a history of cancer were excluded[11]. Of the remaining participants, a blood sample was 
provided by 2179 patients. In 2177 of these samples, FT4 and antiTPO could be measured; TSH 
was measured in 2142 samples. Within the partner group, 1436 blood samples were obtained 
and a blood sample was provided by 1390 RDD control subjects, resulting in a total of 2826 
blood samples from controls. Levels of FT4 could be assessed in 2826 samples, TSH in 2769 
samples, and antiTPO in 2820 samples. (Figure 1).

Laboratory assessments
Blood samples were drawn into vacuum tubes containing 0.1-volume 0.106 mol/L trisodium 
citrate as anticoagulant. The blood sample was separated into plasma and cells through 
centrifugation. Plasma samples were stored at -80°C. We measured levels of TSH, FT4 and 
antiTPO in citrated plasma using commercially available assays (ADVIA Centaur® immunoassay 
system, Siemens Healthcare Diagnostics, Marburg, Germany). As these tests have not been 
validated by the manufacturer for use with citrated plasma, serum/citrated plasma studies 
were previously performed to characterise the correlation. Small systematic differences were 
detected and linear regression analysis showed a significant association between serum and 
plasma levels for all thyroid hormones (regression coefficients β≥0.92; p<0.01)[8]. 
All tests were performed by technicians who were unaware of the status of the sample (i.e. 
from a case patient or control subject). 

Statistical analysis 
For case patients and their partner controls, the date of the thrombotic event was used as 
the index date. For the RDD controls, the date of completion of the questionnaire was used 
as index date. We determined percentiles for the distribution of FT4, TSH and antiTPO values 
within the control subjects. For FT4 and TSH, we compared levels above the 90th, 95th, 97.5th, 
99th and 99.5th percentile of the values observed in controls with levels within the 25th and 75th 
percentile (reference category). The same analysis was performed for levels below the 0.5th, 
1st, 2.5th, 5th and 10th percentile. For antiTPO, we only compared the upper percentiles against 
values below the 75th percentile. We used logistic regression to calculate odds ratios and their 
95% confidence intervals. This analysis was repeated in a restricted analysis using only the 
blood samples that had been taken within 6 months after the event in the cases, i.e. those that 
were most likely to represent levels of thyroid hormones at the time of event. All analyses were 
adjusted for age and gender to take the frequency matching into account. We further adjusted 
categorically for body mass index (BMI) with a healthy group (BMI<25 kg/m2), an overweight 
group (BMI>25 kg/m2 and <35 kg/m2), and an obese group (BMI >35 kg/m2). We performed 
subgroup analyses for men and women, and for provoked or unprovoked thrombosis. Provoked 
venous thrombosis was defined as the occurrence of a venous thrombosis within 1 year 
after surgery, during plaster cast or pregnancy, after >4 days of bedrest, after sports injury, 
during pregnancy/puerperium, use of oral contraceptive agents or hormone replacement 
therapy. Last, a stratified analysis was performed for deep venous thrombosis and pulmonary 
embolism separately. In the group with pulmonary embolism, we included patients with a 
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pulmonary embolism alone and patients with concurrent pulmonary embolism and deep 
venous thrombosis. For the subgroup analyses, we used the total group of cases and not the 6 
months group, because of the small sizes of the subgroups. Statistical analyses were performed 
with statistical package SPSS version 17.0 (SPSS Inc, Chicago, IL, USA).

Results
Table 1 shows the general characteristics of the 2177 case patients and the 2826 control subjects. 
The age of all participants ranged from 18 to 70 years with a mean of 48.2 years in the cases and a 
mean of 48.7 years in the controls. Men and women were represented equally in cases and controls 
alike. Of the cases, 1283 (58.9%) had a deep venous thrombosis and 894 (41.1%) a pulmonary 
embolism. In 1509 (69.3%) cases, the thrombosis followed a provoking circumstance. 

Free thyroxine
The mean level of FT4 in the control subjects was 16.4 pmol/L. Within the analysis of high 
levels of FT4, we found the risk of venous thrombosis to gradually rise with increasing levels 
of FT4 up to an odds ratio of 2.18 (95% CI 1.02 to 4.68; adjusted for age, gender and BMI) at 
the 99.5th percentile (FT4 23 pmol/L), relative to levels in the 25th to 75th percentile (FT4 14 to 
18 pmol/L) (Table 2). The association was most pronounced in the restricted analysis of cases 
in whom blood samples were taken within 6 months after the thrombosis (n=283); odds ratio 
2.79 (95% CI 0.76 to 10.22) for FT4 levels above the 99.5th percentile (Table 3). The effect of FT4 
levels was more pronounced in men than in women, with an odds ratio of 7.12 (95% CI 1.96 to 
25.90) in men and 2.19 (95% CI 0.67 to 7.19) in women for FT4 levels above the 99.5th percentile 
(Tables 4 and 5). The association between FT4 levels and venous thrombosis was present for 
deep venous thrombosis and pulmonary embolism. It appeared stronger for unprovoked than 
provoked venous thrombosis (data not shown). 
We also observed an increased risk of venous thrombosis for low levels of FT4 (OR 2.10; 95% CI 
0.72 to 6.14 at the 0.5st percentile; FT4 11 pmol/L). This seemed to be predominantly the case 
in women and the association disappeared in the restricted analysis of those cases in whom 
blood samples were taken within 6 months after the event (OR 0.36; 95% CI 0.05 to 2.68 at 
the 1st percentile, men and women combined). 

Thyroid stimulating hormone
The mean TSH level in the control subjects was 1.55 mU/L. Similar to FT4, but then opposite, 
we found the risk of venous thrombosis to gradually rise with lower levels TSH, up to an odds 
ratio of 1.55 (95% CI 0.91 to 2.64) for TSH levels below the 1st percentile (TSH 0.16 mU/L). This 
relation was most pronounced in the restricted analysis of those in whom blood samples were 
taken within 6 months after the event (OR 2.05; 95% CI 0.76 to 5.49 for TSH levels below the 1st 
percentile). TSH levels above the 99th percentile (TSH 9.11 mU/L) yielded an odds ratio of 1.65 
(0.78 to 3.48) in the overall analysis, and 1.62 (95% CI 0.36 to 7.32) in the restricted analysis of 
blood sampling within 6 months. (All odds ratios adjusted for gender, age and BMI).

AntiTPO
The mean antiTPO level in the control subjects was 96.3 U/mL. No clear association was 
observed between levels of antiTPO and the risk of venous thrombosis. 

Table 1. Patient characteristics.  

 Cases 
(n=2177)

Controls 
(n=2826)

Male, n (%) 987 (45.3) 1352 (47.8)

Age at sampling, years, mean 48.2 48.7

BMI (mean) 26.9 25.6

DVT, n (%) 1283 (58.9) NA

PE, n (%) 894 (41.1) NA

Provoked VT, n (%)a 1509 (69.3) 1086 (38.4)

Blood sampling within 6 months, n (%) 283 (13.0) NA

 
N indicates number; BMI, body mass index; DVT, deep venous thrombosis; PE, pulmonary embolism; VT, venous 
thrombosis; and NA, not applicable.
aProvoked venous thrombosis was defined as the occurrence of a venous thrombosis within 1 year after surgery, 
during plaster cast or pregnancy, after >4 days of bedrest, after sports injury, during pregnancy/puerperium, 
use of oral contraceptive agents or hormone replacement therapy.
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Table 2. Risk of venous thrombosis associated with different percentiles of FT4, TSH, 
and antiTPO.

Percentile FT4 
(pmol/L)

Cases
(n=2177)

Controls
(n=2826)

ORa (95% CI) ORb (95% CI)

0.5 <11.1 11/1445 6/2066 1.90 (0.66 to 5.51) 2.10 (0.72 to 6.14)

1 <12.2 39/1445 27/2066 1.84 (1.11 to 3.06) 1.74 (1.04 to 2.92)

2.5 <12.2 39/1445 27/2066 1.84 (1.11 to 3.06) 1.74 (1.04 to 2.92)

5 <13.3 111/1445 103/2066 1.53 (1.15 to 2.04) 1.47 (1.10 to 1.97)

10 <13.3 111/1445 103/2066 1.53 (1.15 to 2.04) 1.47 (1.10 to 1.97)

90 >18.9 200/1445 219/2066 1.38 (1.13 to 1.71) 1.45 (1.18 to 1.79)

95 >20.0 92/1445 84/2066 1.63 (1.20 to 2.21) 1.73 (1.27 to 2.36)

97.5 >21.1 48/1445 40/2066 1.80 (1.17 to 2.78) 1.94 (1.26 to 3.01)

99 >22.2 23/1445 20/2066 1.77 (0.96 to 3.27) 1.92 (1.03 to 3.56)

99.5 >23.3 16/1445 12/2066 1.95 (0.92 to 4.14) 2.18 (1.02 to 4.68)

Percentile TSH 
(mU/L)

Cases
(n=2142)

Controls
(n=2769)

ORa (95% CI) ORb (95% CI)

0.5 <0.02 0/1038 0/1404 NA NA

1 <0.16 31/1038 27/1404 1.57 (0.93 to 2.65) 1.55 (0.91 to 2.64)

2.5 <0.35 73/1038 69/1404 1.39 (0.98 to 1.96) 1.39 (0.98 to 1.97)

5 <0.46 122/1038 138/1404 1.18 (0.90 to 1.53) 1.16 (0.89 to 1.52)

10 <0.58 217/1038 270/1404 1.08 (0.88 to 1.32) 1.08 (0.88 to 1.32)

90 >2.42 253/1038 275/1404 1.23 (1.01 to 1.50) 1.19 (0.98 to 1.45)

95 >3.01 149/1038 136/1404 1.49 (1.15 to 1.92) 1.45 (1.12 to 1.87)

97.5 >4.06 74/1038 69/1404 1.29 (0.98 to 1.98) 1.37 (0.96 to 1.96)

99 >5.56 36/1038 26/1404 1.69 (1.00 to 2.86) 1.69 (0.99 to 2.88)

99.5 >9.11 17/1038 13/1404 1.69 (0.81 to 3.54) 1.65 (0.78 to 3.48)

Percentile AntiTPO 
(U/mL)

Cases
(n=2177)

Controls
(n=2820)

ORa (95% CI) ORb (95% CI)

90 >104.3 226/1584 282/2138 1.06 (0.88 to 1.29) 1.04 (0.86 to 1.27)

95 >661.0 102/1584 141/2138 0.96 0.73 to 1.26) 0.92 (0.70 to 1.22)

97.5 >1444.4 76/1584 117/2138 0.83 (0.61 to 1.13) 0.81 (0.60 to 1.11)

99 >1444.4 76/1584 117/2138 0.83 (0.61 to 1.13) 0.81 (0.60 to 1.11)

 
FT4 indicates free thyroxine; TSH, thyroid stimulating hormone; antiTPO, thyroid peroxidase antibodies; OR, 
odds ratio; 95% CI, 95% confidence interval; and NA, not applicable.
aAdjusted for age and gender.
bAdjusted for age, gender, and BMI.
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Table 3. Risk of venous thrombosis associated with different percentiles of FT4, TSH, and 
antiTPO (restricted analysis for blood sampling within 6 months after the thrombotic event). 

Percentile FT4 
(pmol/L)

Cases
(n=283)

Controls
(n=2826)

ORa (95% CI) ORb (95% CI)

0.5 <11.1 1/195 6/2066 NA NA

1 <12.2 2/195 27/2066 0.40 (0.05 to 2.99) 0.36 (0.05 to 2.68)

2.5 <12.2 2/195 27/2066 0.40 (0.05 to 2.99) 0.36 (0.05 to 2.68)

5 <13.3 12/195 103/2066 0.98 (0.49 to 1.98) 0.93 (0.46 to 1.88)

10 <13.3 12/195 103/2066 0.98 (0.49 to 1.98) 0.93 (0.46 to 1.88)

90 >18.9 23/195 219/2066 1.16 (0.73 to 1.83) 1.22 (0.77 to 1.94)

95 >20.0 12/195 84/2066 1.54 (0.82 to 2.88) 1.62 (0.86 to 3.04)

97.5 >21.1 7/195 40/2066 1.88 (0.83 to 4.28) 1.90 (0.83 to 4.36)

99 >22.2 4/195 20/2066 2.14 (0.72 to 6.42) 2.24 (0.74 to 6.79)

99.5 >23.3 3/195 12/2066 2.62 (0.73 to 9.46) 2.79 (0.76 to 10.22)

Percentile TSH
(mU/L)

Cases
(n=282)

Controls
(n=2769)

ORa (95% CI) ORb (95% CI)

0.5 <0.02 0/135 0/1404 NA NA

1 <0.16 5/135 27/1404 2.05 (0.77 to 5.48) 2.05 (0.76 to 5.49)

2.5 <0.35 11/135 69/1404 1.71 (0.88 to 3.34) 1.72 (0.88 to 3.36)

5 <0.46 15/135 138/1404 1.18 (0.67 to 2.08) 1.16 (0.66 to 2.05)

10 <0.58 31/135 270/1404 1.22 (0.80 to 1.85) 1.20 (0.79 to 1.83)

90 >2.42 30/135 275/1404 1.11 (0.72 to 1.72) 1.08 (0.70 to 1.67)

95 >3.01 19/135 136/1404 1.47 (0.86 to 2.52) 1.40 (0.82 to 2.40)

97.5 >4.06 8/135 69/1404 1.12 (0.50 to 2.52) 1.06 (0.47 to 2.38)

99 >5.56 5/135 26/1404 1.60 (0.55 to 4.67) 1.61 (0.55 to 4.74)

99.5 >9.11 2/135 13/1404 1.64 (0.36 to 7.38) 1.62 (0.36 to 7.32)

Percentile AntiTPO
(U/mL)

Cases
(n=283)

Controls
(n=2820)

ORa (95% CI) ORb (95% CI)

90 >104.3 27/201 282/2138 0.90 (0.57 to 1.41) 0.87 (0.56 to 1.37)

95 >661.0 10/201 141/2138 0.68 (0.34 to 1.37) 0.64 (0.32 to 1.29)

97.5 >1444.4 9/201 117/2138 0.73 (0.35 to 1.52) 0.69 (0.33 to 1.44)

99 >1444.4 9/201 117/2138 0.73 (0.35 to 1.52) 0.69 (0.33 to 1.44)

FT4 indicates free thyroxine; TSH, thyroid stimulating hormone; antiTPO, thyroid peroxidase antibodies; OR, 
odds ratio; 95% CI, 95% confidence interval; and NA, not applicable. 
aAdjusted for age and gender.
bAdjusted for age, gender, and BMI.
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Table 4. Risk of venous thrombosis associated with different percentiles of FT4 in men.

Men  Primary analysisa Restricted analysisb

Percentile FT4 
(pmol/L)

Cases
(n=987)

Controls
(n=1352)

ORc (95% CI) Cases
(n=128)

Controls
(n=1352)

ORc (95% CI)

0.5 <11.1 2/337 3/551 0.49 (0.05 to 4.84) 1/56 3/551 na

1 <12.2 10/337 12/551 1.19 (0.49 to 2.90) 1/56 12/551 na

2.5 <12.2 10/337 12/551 1.19 (0.49 to 2.90) 1/56 12/551 na

5 <13.3 36/337 35/551 1.54 (0.92 to 2.56) 3/56 35/551 0.42 (0.10 to 1.81)

10 <14.4 101/337 103/551 1.47 (1.07 to 2.03) 8/56 103/551 0.55 (0.24 to 1.27)

90 >20.0 60/337 47/551 2.30 (1.50 to 3.53) 9/56 47/551 2.16 (0.97 to 4.82)

95 >20.0 60/337 47/551 2.30 (1.50 to 3.53) 9/56 47/551 2.16 (0.97 to 4.82)

97.5 >21.1 30/337 15/551 3.52 (1.80 to 6.88) 4/56 15/551 2.56 (0.76 to 8.62)

99 >22.2 12/337 4/551 7.12 (1.96 to 25.90) 1/56 4/551 4.31 (0.41 to 45.92)

99.5 >22.2 12/337 4/551 7.12 (1.96 to 25.90) 1/56 4/551 4.31 (0.41 to 45.92)

Women  Primary analysisa Restricted analysisb

Percentile FT4 
(pmol/L)

Cases
(n=1188)

Controls
(n=1474)

ORc (95% CI) Cases
(n=155)

Controls
(n=1474)

ORc (95% CI)

0.5 11.11 9/669 3/902 3.44 (0.87 to 13.67) 0/92 3/902 na

1 11.11 9/669 3/902 3.44 (0.87 to 13.67) 0/92 3/902 na

2.5 12.22 29/669 15/902 2.00 (1.03 to 3.91) 1/92 15/902 na

5 13.33 75/669 68/902 1.38 (0.96 to 2.00) 9/92 68/902 1.05 (0.46 to 2.40)

10 13.33 75/669 68/902 1.38 (0.96 to 2.00) 9/92 68/902 1.05 (0.46 to 2.40)

90 18.89 62/669 79/902 1.27 (0.89 to 1.83) 6/92 79/902 0.96 (0.40 to 2.31)

95 20.00 32/669 37/902 1.42 (0.86 to 2.34) 3/92 37/902 0.90 (0.27 to 3.06)

97.5 21.11 18/669 25/902 1.17 (0.62 to 2.20) 3/92 25/902 1.40 (0.40 to 4.89)

99 23.33 9/669 11/902 1.31 (0.53 to 3.28) 2/92 11/902 1.69 (0.35 to 8.15)

99.5 25.56 7/669 5/902 2.19 (0.67 to 7.19) 2/92 5/902 3.64 (0.66 to 0.20)

 
FT4 indicates free thyroxine; OR, odds ratio; 95% CI, 95% confidence interval; and na, not applicable. 
aAll cases.
bCases in whom blood samples were taken within 6 months after the thrombotic event.
cAdjusted for age, gender, and BMI.

Discussion
Within a large case-control study on venous thrombosis we studied the effect of FT4, TSH and 
antiTPO on the risk of venous thrombosis. The data unequivocally showed an increased risk 
of thrombosis for high levels of FT4, with a 2- to 3-fold increased risk in those in the highest 
percentiles of FT4, compared to those with average values. The most pronounced risk increase 
was found in men (OR 7). There was a similar, but opposite response to changes in levels of TSH, 
consistent with a prothrombotic effect of hyperthyroidism, which was less pronounced than 
the effect of FT4. No clear effect of antiTPO on the risk of venous thrombosis was observed. 

The effect of low FT4 levels, where a protective effect on thrombotic risk was expected, was 
less clear. We observed a U-shaped relationship between levels of FT4 and venous thrombosis 
incidence when we considered all patients. This is in line with two earlier reports that 
described an increased risk of venous thromboembolism in patients with overt or subclinical 
hypothyroidism[9;14]. It should, however, be noted that in both studies there was a considerable 
delay between the outcome measure of hypothyroidism and the thrombotic event, the impact 

 
FT4 indicates free thyroxine; OR, odds ratio; 95% CI, 95% confidence interval; and na, not applicable. 
aAll cases.
bCases in whom blood samples were taken within 6 months after the thrombotic event.
cAdjusted for age, gender, and BMI.

Table 5. Risk of venous thrombosis associated with different percentiles of FT4 in women.
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of which was not assessed in the analysis. In the present study, we did evaluate whether a 
delay between blood sampling and the thrombotic event could have affected our findings by 
performing a restricted analysis among cases in whom blood was drawn within 6 months 
after the event. We now noted a clear reduced risk of thrombosis in individuals with low 
FT4 levels, and a perfectly linear relationship between levels of FT4 and risk of thrombosis 
emerged. Since this finding corroborates previous findings of a protective effect of low FT4 
levels[8] as well as the present literature describing lower levels of coagulation factors in 
patients with hypothyroidism[7;10], we suggest that either treatment for thyroid disease or 
another, yet unknown, determinant may influence the relationship between thyroid function 
and venous thrombosis if outcome measures are assessed at considerable distance from the 
thrombotic event.

We believe the association between high FT4 levels and the risk of venous thrombosis is 
causal. Firstly, it is in line with previous reports, and studies on intermediate phenotypes 
showing a relation between thyroid hormone levels and coagulation factors, in the direction 
of a prothrombotic state[7]. Secondly, the effects are strong, and highly dose dependent. In all 
likelihood, our risk estimates are an underestimate of the true association, since some cases 
of  (overt) hyperthyroid disease may have been diagnosed following the thrombosis work-up, 
and levels may have been normalised by treatment prior to our blood sampling. In a search 
for overt hyperthyroidism, we checked the medical records of all participants who answered 
‘yes’ to the question “did you have any thyroid disease in the past 12 months” (n=310). It 
turned out that in 8 patients (all women) with venous thrombosis hyperthyroidism had been 
discovered shortly after their thrombotic event. In 6 of these patients, FT4 levels had indeed 
normalised by the time the blood sampling took place.

What are the clinical implications of these findings? The FT4 levels in our study are all within 
most laboratories’ normal range (10-24 pmol/L) and such levels of FT4 will be left untreated 
in clinical practice. A small number of patients (<1%) had overt hyperthyroid disease that was 
diagnosed after the thrombotic event. It is unknown whether and how long these patients 
had suffered from symptoms of hyperthyroidism. While these numbers would not lead us to 
suggest a strategy of screening for hyperthyroid disease in thrombosis patients, it is helpful 
to physicians to be aware of the association. 

How thyroxine influences the coagulation system is not well known. In vitro studies have shown 
a direct effect of tri-iodothyronine (T3), the active form of thyroid hormone, on hepatocytes and 
endothelial cells causing an upregulation of fibrinogen, factor II, factor X, von Willebrand factor 
and plasminogen[15-17]. This would support the hypothesis of a direct effect on coagulation gene 
transcription by thyroid hormone, and explains why several coagulation factors are decreased 
in thyroid hormone deficiency and increased in thyroid hormone excess.

Overall, our study provides further insights in the association between thyroid hormone and 
venous thrombosis. We found the risk of venous thrombosis to gradually rise with increasing 
levels of FT4. Notably, this relationship was observed within the physiological range of FT4. 
The clinical implications of our findings should be evaluated in future studies.
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