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Increased Thrombin-Activatable Fibrinolysis
Inhibitor and Decreased Tissue Factor Pathway

Inhibitor and Thrombomodulin Levels in Children
with Hypothyroidism

Ori gi nal Ar tic le

1 4 6

In tro duc ti on

Various abnormalities of coagulation and fibrinolytic system
have been reported in patients with thyroid dysfunction
(1,2,3,4,5,6). These abnormalities range from subclinical
laboratory findings to clinically significant coagulopathies and,
more rarely, major hemorrhagic fatal thromboembolic events
(3,4,5,6). Although it has been generally agreed that
hypothyroid patients have a bleeding tendency (7,8), the more
recent literature findings have evidenced that the interaction
between thyroid dysfunction and hemostasis is more complex
than initially believed (9). 

Increased plasminogen activator inhibitor (PAI) and
thrombin-activatable fibrinolysis inhibitor (TAFI) levels and
decreased tissue factor pathway inhibitor (TFPI),
thrombomodulin (TM), and tissue plasminogen activator (tPA)
levels have been associated with several thrombotic conditions
like venous thromboembolism, ischemic stroke, and thrombotic
thrombocytopenic purpura (10,11,12,13,14,15).

Although several studies have reported that coagulation
and fibrinolytic system is disturbed in patients with
hypothyroidism, the levels of plasma PAI antigen (Ag), TAFI Ag,
TFPI Ag, TM Ag, and tPA Ag have been less investigated in
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patients with hypothyroidism (16,17). Therefore, in a case-
control study, we aimed to investigate the profile of
coagulation/fibrinolytic and vascular endothelial cell function
parameters including PAI, TAFI, TM, TFPI, and tPA in children
with hypothyroidism.

Methods 

Selection of the Study Groups
Forty children with hypothyroidism aged 0-16 months who

presented for the first time to our Pediatric Endocrinology
Department were enrolled in the study. The control group
consisted of age- and sex-matched healthy children who
presented to the pediatric outpatient clinic for growth and
development follow-up or counseling.

Data recorded included the chronological age, anthropometric
features [height (cm), weight (kg), body mass index (BMI)], height
standard deviation score (SDS), weight SDS, BMI SDS, presence
of concomitant diseases and medication history of both patient
and control groups. BMI was calculated as weight (kg)/height
(m)². SDSs of height, weight and BMI were calculated separately
according to national references. None of the patients had any
concomitant disease except for hypothyroidism. Neither the
patients nor the controls were on drugs affecting the lipid
metabolism and/or homeostasis. At diagnosis, risk factors for
coagulation and thromboembolism were excluded in the patient
group. 

The diagnosis of hypothyroidism was established based on
clinical and hormonal data. Cases with a low free thyroxine (fT4)
levels according to the age references and high levels of thyroid-
stimulating hormone (TSH) (> 10 mU/L) were recognized as
having primary hypothyroidism, whereas patients whose fT4
level was lower than normal references for the age group and
those with low, normal or slightly above normal levels of TSH
were recognized as central hypothyroidism. Hence, 27 of the
patients had primary and 13 had central hypothyroidism. Twenty-
five of the patients with primary hypothyroidism were diagnosed
as congenital hypothyroidism and 2 with iodine deficiency-
induced hypothyroidism.

One year after Na-LT4 treatment, the study parameters
were re-evaluated in 25 euthyroid children out of the 40
patients diagnosed with hypothyroidism. 

This study was approved by the Training Planning and
Coordination Board (protocol number 0176).

Laboratory Methods
All tests were conducted in the Hematology Laboratories

of the Ministry of Health of Turkey, Ankara Training and
Research Hospital. For all tests, venous blood samples were
collected from both patient and control groups in the morning
between 0800 and 0900 hour into vacutainer tubes
(Vacutainer®, Beckton Dickinson, USA). Two mL of blood was

taken into vacutainer tubes without anticoagulant for thyroid
function tests (TSH and fT4) and 4 mL of blood was taken into
standard tubes with 0.5 mL (1 volume) of 0109 M trisodium
citrate for coagulation tests. Platelet-poor plasma was
obtained by centrifugation at 3500 g at 10 °C for 20 minutes.
The plasma was stored at -80 °C until analysis.

Following daily internal quality control and calibration tests,
all laboratory tests were performed using original test kits of
each device. Beckman Coulter Unicell® DXI 800 (Beckman
Coulter Inc, USA) was used for the analysis of thyroid
hormones. Age-specific reference ranges were defined for
thyroid hormone tests (18). 

All coagulation tests including PAI Ag, TAFI Ag, TFPI Ag, TM
Ag, and tPA Ag were performed with ELISA using commercial
kits of American Diagnostica. According to the manufacturer’s
instruction, the normal ranges are 4-43 ng/mL for PAI Ag, 0.2-2
μg/mL for TAFI Ag, 75-120 ng/mL for TFPI Ag, 2.73-5.35 ng/mL
for TM Ag, and 3.9-4.7 ng/mL for tPA Ag.

Statistical Analysis
Statistical analysis of the data was performed using SPSS for

Windows 11.5 software package. The distribution of continuous
variables was tested for normality with the Shapiro-Wilk test. The
descriptive statistics were presented as mean±SD or median
(interquartile range) for continuous variables and as number of
cases and (%) for categorical variables. 

The significance of the mean difference between the
hypothyroid group and the control group was assessed using
the student’s t-test, whereas the significance of the median
difference between the hypothyroid and control groups was
assessed by the Mann-Whitney U test. Pearson’s chi-square
test was used to analyze categorical variables. Spearman’s
correlation test was used to determine the relationship
between continuous variables.

The dependent t-test or the Wilcoxon signed-rank test
was used to assess the presence or absence of a statistically
significant change between baseline and final measurements
of the patients in the case group. 

Multivariate linear regression analysis was used to identify
the clinical variables most associated with the changes of
thyroid hormones. Variables with p<0.25 in the univariate
analyses were entered in the multivariate regression model
and were considered candidate variables. Multivariate linear
regression analysis was performed to determine whether the
most significant clinical variables identified by the gradual
regression analysis maintained their significant effects on the
changes of thyroid hormones after adjustment for diagnosis,
age, sex, and BMI SDS values. The regression coefficient and
95% confidence interval were calculated for each variable. As
thyroid hormones did not show normal distribution,
logarithmically converted data were used in the regression
analyses. A p-value of <0.05 was considered statistically
significant.
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Results 

Demographic Features 
Table 1 summarizes the clinical features of children with

hypothyroidism and healthy controls. There were no
differences between the groups regarding demographic
characteristics such as age, sex, height, weight, BMI, height
SDS, weight SDS and BMI SDS.

Thyroid Function Tests 
The comparison of basal thyroid function tests between

the patient and control groups showed both significantly
higher TSH levels and lower fT4 values in the primary
hypothyroid children group (p<0.001) (Table 2). When
comparing the pre- and post-treatment changes of thyroid
hormones in hypothyroid patients, a statistically significant
decrease was observed in TSH levels, whereas fT4 levels
were found to be significantly increased (p<0.001) in
hypothyroidism. In central hypothyroidism, thyroid hormone
levels also normalized. 

Coagulation Tests
No significant differences were found between the

hypothyroid children and the controls in terms of PAI Ag and
tPA Ag. No significant differences were found between pre-
and post-treatment levels of either PAI Ag or tPA Ag (Table 3). 

However, statistically significant increase was found in
TAFI Ag in hypothyroid children when compared to controls.
TAFI Ag levels were significantly decreased after hormone
replacement. TFPI Ag and TM Ag levels were found
significantly different between hypothyroid children and
controls. In addition, significant increase was observed
regarding TFPI Ag and TM Ag levels after treatment. 

Spearman’s correlation test was used to determine the
relationship between thyroid function tests and the study
variables (Table 4). According to this test, there was a negative
correlation between TFPI Ag and TSH. However, TFPI Ag was
positively correlated with total T4 and fT4 levels. 

Discussion 

The influence of hypothyroidism on hemostasis has been
studied but is still not well understood. Contradictory results
regarding hemostasis disorders have been obtained in
previous studies. Various hemostatic disorders, ranging from
subclinical laboratory abnormalities to clinically important
hemostasis disorders have also been reported (4,19). 

The influence of hypothyroidism on hemostasis is
controversial; both hypocoagulable and hypercoagulable states
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Tab le 3. Coagulation parameter results for the hypothyroid children and healthy controls

Patients (n=40)                                  Controls (n=29) p

Before (n= 40) After (n= 25)

PAI (ng/mL) (mean±SD) 25.91±8.84 23.22±7.28 22.58±8.17 0.116
TAFI (µg/mL) [median (IQR)] 0.89 (0.55) 0.32 (0.31) 0.35 (0.32) <0.001
TFPI (ng/mL) [median (IQR)] 5.48 (8.75) 98.8 (28.6) 105.0 (46.02) <0.001
TM (ng/mL) [median (IQR)] 1.96 (1.08) 4.42 (3.88) 4.96 (3.54) <0.001
tPA (ng/mL) [median (IQR)] 4.58 (3.85) 4.08 (3.68) 3.28 (3.13) 0.346
PAI: plasminogen activator inhibitor, TAFI: thrombin-activatable fibrinolysis inhibitor, TFPI: tissue factor pathway inhibitor, TM: trombomodulin, tPA: tissue plasminogen activator, 
SD: standard deviation, IQR: interquartile range

Tab le 1. Demographic features of the children with hypothyroidism and
healthy controls

Patients (n= 40) Controls (n= 29) p

Age (month)[median 120 (0.4-186.5) 55 (0.4-174) 0.398
(min-max)]

Sex [n (%)] 0.404

Girls 22 (55.0) 13 (44.8)

Boys 18 (45.0) 16 (55.2)

Height (cm) (mean±SD) 112.4±44.1 104.7±44.1 0.481

Height SDS (mean±SD) -0.39±1.40 -0.20±1.33 0.581

Weight (kg) (mean±SD) 28.3±21.6 23.7±19.7 0.360

Weight SDS (mean±SD) -0.19±1.46 -0.16±1.17 0.926

BMI (mean±SD) 17.7±4.2 17.1±3.6 0.521

BMI SDS (mean±SD) 0.02±1.44 -0.07±1.36 0.796

BMI: body mass index, max: maximum, min: minimum, 
SDS: standard deviation score

Tab le 2. The thyroid function test results for the two study groups

Patients (n=40) Controls (n=29) p
Before After
(n=40) (n=25)

TSH (mIU/L ) 12.45 (92.27) 1.9 (2.13) 2.63 (1.73) <0.001
[median (IQR)]

fT4 (ng/dL) 0.39±0.22 1.13 (0.31) 1.20±0.17 <0.001
(mean±SD)

fT4: free thyroxine, IQR: interquartile range, SD: standard deviation, 
TSH: thyroid-stimulating hormone



have been reported (2). Increased levels of fibrinogen,
fibrinopeptide A, antithrombin, TFPI, and factors (F) VII, FVIII,
FIX, FX, FXII, FXIII, von Willebrand factor (vWF) Ag, vWF
ristocetin co-factor (vWF: RCo), and decreased fibrinolytic
activity (increased PAI, alpha 2-antiplasmin and decreased D-
dimer levels) in moderate hypothyroidism and increased
fibrinolytic activity (lower tPA, PAI and alpha 2-antiplasmin
levels) in severe hypothyroidism have been shown in previous
studies (2,4,5,7,9,16,20,21,22,23).

Up to date, most of the studies investigating the effect of
hypothyroidism on coagulation factors such as TAFI, TM, PAI,
tPA, and TFPI were conducted in adult patients
(2,4,5,6,7,9,16,20,21,22,23). Limited data have been reported
about the effect of childhood hypothyroidism on coagulation
system. To the best of our knowledge, this is the first study
investigating the effect of childhood hypothyroidism on TAFI,
TM, PAI, tPA, and TFPI.

This study showed that untreated children with
hypothyroidism are prone to subclinical hypercoagulability.
Although no significant effect was detected regarding PAI Ag
and tPA Ag, the levels of TAFI, TM, and TFPI were consistent
with subclinical hypercoagulability and hypofibrinolysis. In
accordance with these findings, significant increase was found
in TAFI Ag levels and significant decrease was found in TFPI
Ag and TM Ag in hypothyroid children compared to healthy
controls. Our thesis was confirmed by the finding that TAFI Ag
levels decreased, and TFPI Ag and TM Ag levels increased on
LT4 replacement treatment. 

The results of the present study confirm previous
publications on the effect of hypothyroidism on TAFI and TFPI.
An adult study conducted by Erem et al (24) also showed that
patients with hypothyroidism are prone to hypercoagulability
and hypofibrinolysis. The authors suggested that these
disturbances of the hemostatic system may contribute to the
excess mortality due to cardiovascular disease seen in patients
with hypothyroidism. However, another study suggested that
TFPI and PAI levels were significantly affected by hyperthyroid

state. The authors showed that in hypothyroid and subclinical
hypothyroid patients, there were no significant differences in
TFPI and tPA (16).

In severe hypothyroidism, an increase in fibrinolytic activity
was also reported (a decrease in alpha2-antiplasmin, tPA, and
PAI-1, and an increase in D-dimer); thus, a tendency toward
bleeding was observed (16). In a previous study, Ozcan et al (16)
have reported that plasma TFPI levels were higher in patients
with hypothyroidism compared to patients with subclinical
hypothyroidism. Gullu et al (7) have also reported that there was
a decrease in platelet count, a prolongation of the bleeding time,
coagulation time, PT, and aPTT, and a decrease in FVIII and vWF
activities. These abnormalities improved during the euthyroid
period after LT4 therapy. In a very recent study, Akinci et al (17)
have demonstrated that TAFI Ag levels were markedly higher in
patients with overt and subclinical hypothyroidism compared to
controls. In that study, a positive correlation was determined
between TAFI Ag levels and the degree of thyroid failure. An
increase in TAFI Ag levels in hypothyroidism is thought to be
related with either a decrease in TAFI clearance or an increase
in its production in the adipose tissue and endothelium. 

In previous studies, it has been shown that the TM
concentration in hypothyroidism did not differ from that in
control group (25,26). However, in the present study, plasma
TM levels were significantly lower in children with
hypothyroidism than in normal healthy children. 

According to recent knowledge, the relationship between
thyroid diseases and hemostasis is more complex than
assumed. We suggest that direct and indirect effects of
hypothyroidism on the synthesis and action of coagulation
factors and on changes in blood viscosity may play a role in the
pathogenesis of coagulopathies (19). 

In conclusion, we found some important differences in the
hemostatic parameters between children with hypothyroidism and
healthy controls. Increased TAFI and decreased TFPI and TM in
these patients may indicate a potential hypercoagulable and
hypofibrinolytic state as well as possible endothelial dysfunction,
which may increase the risk of atherosclerotic and thrombotic
complications. Thyroid hormone levels should also be checked in
patients with a predisposition to coagulation, and thyroid
replacement therapy should be initiated if necessary.
Nevertheless, future large-scale studies are needed to investigate
the effects of hypothyroidism on the coagulation system.
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