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Risk of recurrent venous thrombosis: 
the influence of thyroid hormone
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ABSTRACT

Background
High levels of the thyroid hormone thyroxine have been found to be associated with an 
increased risk of first venous thrombosis (VT). The risk of recurrent venous thrombosis in 
relation to thyroxine levels has not been studied.

Methods
We performed a nested case-control study with data from a large population-based study of 
patients with a first VT (MEGA study), in which blood samples were taken in the months after 
first VT. Information on recurrent VT was retrieved. Patients with a recurrence (381 cases) 
were matched (1:2) with patients without a recurrence (761 controls) on time from first VT 
to blood sampling. Odds ratios (OR) and 95% confidence intervals (CI95) were calculated for 
the risk of VT for different cut-off points of free thyroxine (FT4) levels. Restricted analysis was 
performed in subgroups where the time between blood sampling and recurrent event was 
restricted to 0.5, 1 and 1.5 years.

Results
The risk of venous thrombosis was not affected by different levels of FT4 when compared 
with the reference category (FT4 levels of 15.5 to 18.9 pmol/l). The VT risk for FT4 levels < 
15.5 pmol/l was 0.8 (CI95 0.6-1.1); the VT risk for FT4 > 24.4 pmol/l was 0.6 (CI95 0.1-3.8). 
Similar odds ratios were found in the restricted analyses. 

Conclusions
High levels of FT4 appear not to be associated with an increased risk of recurrent VT.
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InTRODuCTIOn

While the annual incidence of first venous thrombosis (VT) is approximately 1-2 per 
1000 person-years,1 the recurrence risk of a venous thrombotic event is much higher. The 
cumulative incidence of recurrent venous thrombosis has been described to be 4-11% within 
the first year and 12-30% in the five years after the first event.2-5 Incidence rates of recurrence 
vary between 25 to 46 per 1000 person-years.2-5 As for first VT, recurrent venous thrombosis 
leads to increased morbidity, such as post-thrombotic syndrome, and to increased mortality.2 
The risk profile for recurrent venous thrombosis is different from that of first venous 
thrombosis. While many risk factors for first venous thrombosis are known, the exact 
determinants for recurrent venous thrombosis are yet to be established.3 

In recent years, the link between endocrine disorders and venous thrombosis has been 
extensively studied.6-15 High levels of endogenous hormones, such as the stress hormone 
cortisol and thyroid hormone (thyroxine), have been found to be associated with an increased 
risk of venous thrombosis.10,11 One case-control study reported a 2-fold increased risk for 
venous thrombosis for free thyroxine (FT4) levels above 17 pmol/L compared with a FT4 
level of 15 pmol/L.10 In another case-cohort study there was a positive relation between 
increasing levels of free thyroxine and the risk of venous thrombosis (up to a 10-fold increased 
risk for FT4 levels >17.3 pmol/l relative to levels below this cut-off).6 Furthermore, a 2.3-
fold increased risk for venous thrombosis was seen in patients with clinical hyperthyroidism 
compared to non-thyroid disease patients.16 

So far, to our knowledge, the risk of recurrent venous thrombosis in relation to high levels 
of thyroxine has not been studied. The aim of our study was therefore to investigate the role 
of thyroid hormones in recurrent venous thrombosis, in a large population based cohort of 
patients with a first venous thrombosis.   
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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.17 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. Blood samples were obtained after withdrawal of vitamin K antagonists, with a 
median of 10 months after the event. For the present analysis, a blood sample was available 
in 2179 patients. In 2177 of these samples FT4 and antiTPO could be measured; TSH was 
measured in 2142 samples. The Ethics Committee of the Leiden University Medical Center 
approved the study protocol. Written consent was obtained from all participants. 

Information about recurrences was retrieved in two ways, i.e., from the patients themselves 
via a short questionnaire and from the anticoagulation clinics. The questionnaire consisted 
of two main questions: 1) “Did you have a recurrent event?” and 2) “In which hospital or by 
which doctor was it diagnosed?” Questionnaires were sent by mail between June 2008 and 
July 2009. When questionnaires were not returned, the questions were asked by telephone 
interview. During the same period information on possible recurrences of all patients was 
obtained from the anticoagulation clinic where they were initially included for their first 
event and, in case they moved house, at the clinic near their new address.

Recurrent VT was classified as confirmed, probable or uncertain. DVT was considered definite 
when (Doppler) ultrasonography showed the presence of a thrombus in the deep veins. PE 
was considered definite when confirmed with a high-probability ventilation-perfusion 
scan, positive spiral computed tomographic findings, or positive angiographic findings. 
PE 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. Both certain and probable recurrent VT were included 
in the analyses as recurrent VT. Uncertain recurrent VT was not included for analyses. 

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 FT4, TSH 
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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 performed to characterize the correlation. Only small systematic 
differences were detected and linear regression analysis showed a strong association between 
serum and plasma levels for all thyroid hormones (regression coefficients: β≥0.92). The 
levels of FT4 were returned from the routine laboratory rounded to whole numbers. TSH was 
provided as 2 decimal numbers. The samples were measured before the recurrence status of 
the patients was known.  

Statistical analyses
We determined percentiles for the distribution of FT4 and TSH within the control subjects. 
However, as citrated FT4 levels were rounded to whole numbers, the data distribution was 
more categorical than continuous. Therefore the data were analysed with citrated FT4 (CFT4) 
of 14 to 17 pmol/l as reference category (resembling the 20th to 80th percentile). This resulted 
in a reference category of 15.5-18.9 for the calculated plasma FT4 levels which was compared 
to levels of FT4 of 20, 21.1, 22.2, 23.3 and >24.4 pmol/l. A category for a FT4 of < 15.5 pmol/l 
was also included. For TSH the reference category was the 20th to the 80th percentile. These 
data were further divided in categories containing the 20th to 10th percentile, 10th to 5th 
percentile, 5th to 2.5th percentile, 2.5th to 1st percentile and <1st percentile. 

In the MEGA study, blood was sampled a few months after the first venous thrombosis. 
Generally, a cohort study such as this one would be analysed by calculating incidence rates 
and performing a Cox regression to compare groups.  However, for such an analysis one would 
have to assume that FT4 levels are stable over time, and we had only one measurement of 
FT4 during follow-up. Since thyroid disease can develop relatively acutely and is a treatable 
disease, levels of FT4 are likely to change over time and the risks are therefore not stable. 
Furthermore, the timing of the measurement differed widely between patients (i.e. a median 
of 10 months after the first event (range: 6 to 21)), as well as the duration of the subsequent 
follow-up. For these reasons we considered it not correct to simply calculate incidence rates 
and hazard ratios. 

As a solution to this problem, we decided to use a nested case-control design. Patients 
with a recurrence (cases) were matched with patients without a recurrence (controls), in 
a 1:2 ratio, predominantly on time from first VT to blood sampling; furthermore, controls 
had to be recurrence free at the time their corresponding case had a recurrence. This way 
both cases and controls had the same exposure duration and the same time (opportunity) to 
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develop a recurrent event. A conditional logistic regression analysis was performed and all 
analyses were additionally adjusted for age and sex. Subsequently, analyses were performed 
in subgroups where the time between blood sampling and recurrent event was restricted to 
0.5, 1 and 1.5 years. 

All matching and analyses were performed using R 2.13.1 (R Foundation for Statistical 
Computing, Vienna, Austria).12-14

Table 1. General characteristics

Recurrence (n=381) No recurrence (n=761)

Age (median years; p2.5 to p97.5) 50.5 (21.7 to 69.2) 48.1 (22.9 to 68.6)

Male (%) 236 (61.9) 332 (43.6)

Follow up (median days; p2.5 to 97.5) 1128 (147 to 3064) 2976 (642 to 3358)

Time from first VT to blood sampling 
(median days; p2.5 to 97.5)

310 (169 to 641) 310 (169 to 641)

TBSI (median days; p2.5 to p97.5) 757 (-265 to 2771) 1725 (68 to 2868)

FT4 (median; p2.5 to 97.5) pmol/l 16.7 (12.2 to 21.1) 16.7 (12.2 to 22.1)

TSH (median; p2.5 to 97.5) mU/l 1.31 (0.38 to 4.65) 1.36 (0.35 to 4.77)

n indicates number; p, percentile; VT, venous thrombosis; DVT, deep venous thrombosis; TBSI, Time from 
blood sampling to recurrence or end of follow-up; FT4, free thyroxine; TSH, thyroid stimulating hormone.

RESuLTS

A total of 7714 patients with a first venous thrombosis from the MEGA study were followed 
for recurrence.18 Since blood was not sampled in all patients, blood samples were available 
in 2209 patients. Median follow up time was 1128 days (3 years) for the patients with 
recurrence and 2976 days (8 years) for the patients without. The median time from first 
VT to blood sampling was 310 days in both groups. Median time from blood sampling to 
recurrent event or end of follow-up was 757 days in patients with recurrent VT and 1725 
days in patients without recurrence (Table 1). Of the 2209 patients, 423 (19%) experienced a 
recurrent thrombosis. With a total follow-up of 16021 person-years, this led to an incidence 
rate of 26.4 (95% CI 24.0-29.0) events per 1000 person-years. In 381 of the 423 recurrence 
cases, sufficient information was available for the matching procedure. Matching in a 1:2 
ratio resulted in 761 patients without a recurrent VT. Of the 381 cases, FT4 levels had been 
measured in 343 cases and TSH levels in 335 cases. 
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Median age distribution was almost equal in patients with recurrence as in patients without 
(Table 1). Of patients with recurrent VT 61.9% were men compared to 43.6% of patients 
without recurrence. 

Table 2. The risk for recurrent venous thrombosis for different strata of free thyroxine and thyroid 
stimulating hormone. 

CFT4 FT4 (pmol/l) Controls Cases OR1 (CI95) OR2 (CI95)

<14 <15.5 210 86 0.8 (0.6 to 1.1) 0.8 (0.6 to 1.1)

14 to 17 15.5 to 18.9 407 220 Ref Ref

18 20.0 41 20 0.9 (0.5 to 1.5) 0.6 (0.4 to 1.2)

19 21.1 11 9 1.8 (0.7 to 4.9) 1.8 (0.7 to 4.8)

20 22.2 9 4 0.7 (0.2 to 2.3) 0.6 (0.2 to 2.0)

21 23.3 5 2 0.7 (0.1 to 3.5) 0.5 (0.1 to 2.5)

22 >24.4 3 2 0.7 (0.1 to 4.6) 0.6 (0.1 to 3.8)

Percentile TSH (mu/l) Controls Cases OR1 (CI95) OR2 (CI95)

>80 >2.03 143 66 0.9 (0.6 to 1.2) 0.9 (0.7 to 1.3)

20 to 80 0.84 to 2.03 395 203 Ref Ref

10 to 20 0.63 to 0.84 61 33 1.0 (0.6 to 1.6) 0.9 (0.5 to 1.5)

5 to 10 0.49 to 0.63 32 19 1.1 (0.6 to 2.0) 0.9 (0.5 to 1.6)

2.5 to 5 0.36 to 0.49 16 8 0.9 (0.4 to 2.1) 0.8 (0.3 to 1.9)

1 to 2.5 0.22 to 0.36 11 4 0.8 (0.2 to 2.5) 0.6 (0.2 to 2.0)

<1 <0.22 9 2 0.4 (0.1 to 2.0) 0.4 (0.1 to 1.8)

CFT4 indicates free thyroxine measured in citrate; FT4, free thyroxine; OR, odds ratio and TSH, thyroid 
stimulating hormone. 
OR1: crude odds ratio
OR2: adjusted for age and sex

At time of blood sampling, the median FT4 level was 16.7 pmol/l both in patients with and 
without recurrence (p2.5 to p97.5: 12.2 to 21.1 pmol/l for both groups). For TSH, the median 
level was 1.31 mU/l (p2.5 to p97.5: 0.38 to 4.65 mU/l) in the patients with recurrent VT and 
1.36 mU/l (p2.5 to p97.5: 0.35 to 4.77 mU/l) in the patients without recurrent VT. 

In the matched analysis, the odds ratios (OR) for the risk of recurrent thrombosis varied 
between 0.8 (CI95 0.6 to 1.1) for FT4 levels below 15.5 pmol/l compared with the reference 
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category (FT4 levels of 15.5 to 18.9 pmol/l) to an OR of 0.6 (CI95 0.1 to 3.8) at a cut-off of 
>24.4 pmol/l. For TSH, the ORs did not essentially vary (OR: 0.9 (CI95 0.7 to 1.3) for a cut-
off level of >2.03 mU/l; OR 0.4 (CI95 0.1 to 1.8) for a level of < 0.22 mU/l compared with the 
reference category of TSH levels of 0.84 to 2.03 mU/l) (Table 2).

Restricted analysis of only cases (and their matched controls) with a recurrent VT within one 
year after blood sampling, resulted in similar odds ratios (Table 3). When time between blood 
sampling and recurrent thrombosis was extended to 1.5 year, an OR of 0.5 (CI95 0.1 to 3.8) for 
the highest FT4 levels (>24.4.pmol/L) was found. 

Table 3. Risk for recurrent venous thrombosis for different strata of FT4 with varying time intervals 
between blood sampling and recurrent thrombosis. 

CFT4
FT4 

(pmol/l)
Controls Cases OR1 (CI95) Controls Cases OR2 (CI95)

<14 <15.5 136 54 0.8 (0.6 to 1.2) 193 80 0.8 (0.6 to 1.1)

14 to 17 15.5 to 18.9 291 149 Ref 386 209 Ref

18 20.0 22 12 0.7 (0.3 to 1.5) 38 19 0.6 (0.3 to 1.2)

19 21.1 8 4 1.1 (0.3 to 4.0) 10 7 1.4 (0.5 to 3.9)

20 22.2 5 2 0.5 (0.1 to 2.9) 9 4 0.6 (0.2 to 2.0)

21 23.3 3 2 0.8 (0.1 to 5.3) 5 2 0.4 (0.1 to 2.4)

22 >24.4 0 1 na 3 2 0.5 (0.1 to 3.8)

Percentile
TSH 

(mu/l)
Controls Cases OR1 (CI95)

TSH 
(mu/l)

Controls Cases OR2 (CI95)

>80 >2.10 91 42 1.0 (0.6 to 1.5) >2.03 129 63 1.0 (0.7 to 1.4)

20 to 80 0.86 to 2.10 276 131 Ref 0.83 to 2.03 370 191 Ref

10 to 20 0.64 to 0.86 40 22 1.0 (0.5 to 1.8) 0.62 to 0.83 69 32 0.7 (0.4 to 1.2)

5 to 10 0.50 to 0.64 20 10 0.8 (0.4 to 1.9) 0.48 to 0.62 24 18 0.9 (0.5 to 1.8)

2.5 to 5 0.35 to 0.50 13 8 0.9 (0.3 to 2.2) 0.36 to 0.48 18 6 0.5 (0.2 to 1.4)

1 to 2.5 0.24 to 0.35 6 3 1.0 (0.2 to 4.5) 0.22 to 0.36 8 4 1.0 (0.3 to 3.4)

<1 <0.24 6 1 0.3 (0.0 to 2.9) <0.22 9 1 0.2 (0.0 to 1.5)

CFT4 indicates free thyroxine measured in citrate; FT4, free thyroxine; OR, odds ratio and TSH, thyroid 
stimulating hormone.
OR1: odds ratio adjusted for age and sex, blood sample within 1 year for recurrent VT
OR2: odds ratio adjusted for age and sex, blood sample within 1.5 year for recurrent VT

If any effect would be most evident, it would be in the group (5 cases) with a combination of a 
FT4>23 and an unprovoked thrombosis, since the first VT was most likely caused by elevated 
levels of FT4 (data not shown). Four cases of recurrent venous thrombosis were present in 
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this group leading to an incidence rate of 57.4 per 1000 person-years over a total follow-up 
of 70 person-years.  

DISCuSSIOn

In line with the pattern observed for many other risk factors for first venous thrombosis (e.g. 
thrombophilia, age),2-4 FT4 does not seem to play a major role in the occurrence of recurrent 
venous thrombosis. Higher levels of FT4 at the time of blood sampling even seem to decrease 
the risk of recurrence. Similar findings have been reported for other transient risk factors for 
a first event, such as surgery or plaster cast immobilization.2 

As thyroid disease can occur rather acutely and will be, when treated, of a transient nature, 
the analysis of the relation was not straightforward, particularly since only one blood sample 
between first and recurrent venous thrombosis was available. Several scenarios influencing 
risk calculations could have occurred, in some cases leading to an underestimation of the 
relative risk (Table 4). In some patients with first VT, hyperthyroidism was discovered in the 
workup for venous thrombosis and subsequently treated,18 thereby reducing the risk for a 
recurrent event. Another explanation could be that the hyperthyroidism was discovered in 
the time between first VT and blood sampling. This would subsequently lead to normal FT4 
levels at blood sampling and a reduced risk for recurrence. If hyperthyroidism had developed 
after blood sampling was performed, misclassification of the exposure (normal FT4 levels 
instead of high levels) would have occurred which would have led to an underestimation of 
the risk for recurrence for high FT4 levels. To minimize the effect of such misclassifications, 
we performed the matched case-control analysis and, additionally, calculated ORs for 
different time windows between blood sampling and recurrent event. Shorter time between 
the two did not influence the relation found. However, despite all these measures to reduce 
misclassification, some residual misclassification can not be excluded. 

Although the role of FT4 in the aetiology of first venous thrombosis is now well established, 
there is not much known on the pathophysiological mechanism. FVIII, FIX, fibrinogen and 
VWF levels are influenced by FT4 levels.7,8,19 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 up-regulation of fibrinogen, factor II, factor X, von Willebrand Factor and 
plasminogen.20 Although these findings provide some direction, the exact pathophysiological 
pathway needs to be determined. 
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Table 4. Types of misclassification within the study design. 

FT4 levels 
at first vT

Treatment
FT4 levels at 

blood sampling

Treatment 
after blood 
sampling

Recurrence risk
Effect of 

misclassifcation 
on true OR

high + normal - average =
high - high + average lower
high - high - high =

normal - high - high =
normal - high + average lower
normal - normal - average =

FT4 levels at first VT indicates levels of FT4 at blood sampling shortly after first venous thrombosis; 
Treatment yes (+) or no (-); FT4 levels at blood sampling, FT4 levels at the time of blood sampling; 
Recurrence risk, Risk of recurrence at the time of recurrence and Misclassification of true OR, the 
direction the OR will go if a this situation would happen.

Apart from the misclassification issues mentioned above, there are several limitations that 
need to be addressed. Although the group of recurrent VT is still relatively large compared to 
other studies, sub-analysis within the FT4 strata was difficult due to small numbers. Although 
a higher incidence of recurrent VT is noted in participants with a combination of FT4>23 and 
unprovoked thrombosis, small numbers preclude us from drawing conclusions not supported 
by other calculations. 

Despite these limitations, we hypothesize that hyperthyroidism present at a first venous 
thrombotic event is probably not a risk factor for recurrence, when properly diagnosed 
and treated. This emphasizes the need for awareness of possible hyperthyroidism when a 
patient with unprovoked venous thrombosis is examined, so that the patient will not only 
benefit from recovery of thyroid disease but also from a reduced risk of recurrent venous 
thrombosis. 
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