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Hemostatic System as a Risk Factor for Cardiovascular
Disease in Women with Subclinical Hypothyroidism

Zeynep Cantirk,! Berrin Cetinarslan,’ llhan Tarkun,” Nuh Zafer Cantirk,? Meltem Ozden,?
and Can Duman?

Hypothyroidism has been associated with atherosclerosis. The mechanisms of atherosclerosis in patients with
thyroid failure remain controversial. Hypofibrinolysis might be a risk factor for thromboembolic disease in sub-
clinical hypothyroidism (SH). We measured fibrinolytic activity in patients with SH before and after levothy-
roxine (LT4) treatment and compared it to those of controls. We prospectively included 35 patients with SH
and 30 healthy controls. We treated patients with LT, until almost 6 months after the euthyroid state has been
achieved. We measured fibrinogen, D-dimer, antithrombin III (ATIII), plasminogen activator inhibitor-1 (PAI-
1), tissue plasminogen activator (tPA) activity, and factor VII. Clinical and anthropometric variables were
recorded for both groups. We found increased levels of fibrinogen, PAI-1, and factor VII and decreased levels
of ATIII activity in patients compared to control (p < 0.001 and p < 0.05). Decrease of tPA was not significant
(p > 0.05). At the end of the LT, treatment, significant decreases were determined in PAI-1 and factor VII (p <
0.05). In conclusion, our data suggest an important role of hypofibrinolytic and hypercoagulable state on the
development of atherosclerosis in patients with SH and beneficial effects of LT, treatment for decreasing the

risk of atherosclerosis.

Introduction

HE DEVELOPMENT OF a sensitive assay for thyrotropin

(TSH) has led to the discovery that many patients have
abnormal TSH levels without other alterations in serum thy-
roid hormone levels, a condition termed as subclinical hy-
pothyroidism (SH) (1). Subclinical thyroid failure is often
asymptomatic; however, nearly 30% of patients with this
condition may have symptoms that are suggestive of thyroid
hormone deficiency (2—4). As in overt hypothyroidism, pa-
tients with SH may be also shown to be at high risk for
atherosclerosis and cardiovascular disease (5,6). It has been
argued that many factors were responsible for the develop-
ment of cardiovascular impairment, such as direct effects of
thyroid hormone on myocardium and arteries, lipids, ho-
mocysteine levels, and modification of circulating coagula-
tion proteins and impaired fibrinolytic system (7-11). Previ-
ous studies suggested that plasma D-dimer, fibrinogen, and
plasminogen activator inhibitor type 1 (PAI-1) were altered
in patients with moderate or overt hypothyroidism (12,13).
Published data analyzed fibrinolytic system in patients with
subclinical to overt hypothyroidism are still controversial
(11,14). However, surprisingly, there is not a previous study

that has analyzed effects of treatment of SH on the hemo-
static system.

We undertook this study to evaluate whether subclinical
hypothyroidism would affect fibrinolytic system and
whether treatment of SH with levothyroxine (LT4) may im-
prove alterations in fibrinolytic activity.

Materials and Methods

We prospectively included 35 women with SH, defined by
normal free thyroxine (FT,) and elevated TSH and 30 healthy
women recruited from among patients who attended our
outpatient clinic. Control subjects were defined by normal
serum FT, and TSH levels. Control cases were matched for
age and other characteristics with cases with SH. The study
was approved by the Ethical Committee of Kocaeli Univer-
sity. All participants including cases and controls gave a
written informed consent to participate this study. The di-
agnosis of SH was established by at least two determinations
of serum thyroid hormones and TSH levels. The causes of
SH were autoimmune thyroiditis, surgery because of thyroid
diseases, or idiopathic. Any of cases had never received LT,
replacement therapy. None of the cases had previous history
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of external radiation, radioiodine treatment, and/or drug
therapy that would cause SH. Persons with severe obesity,
alcohol consumers, patients receiving drugs such as diuret-
ics and B-blockers, and patients with diabetes mellitus, im-
paired glucose tolerance, coronary hearth disease, familial or
secondary dyslipidemia, and hepatic, renal, or other sys-
temic diseases were excluded from the study. Menopausal
status was confirmed by measuring follicle-stimulating hor-
mone (FSH), and estradiol-178 serum levels. Patient with SH
were given 25 ug LT, therapy, and the doses were increased
incrementally until TSH and thyroid hormone became nor-
mal. Twenty-six of 35 patients completed LT, treatment. At
the beginning and end of approximately a 6-month period
after euthyroidism was achieved, the degree of clinical hy-
pothyroidism was evaluated using the score developed by
Zulewski et al. (3) Fourteen symptoms and signs of hy-
pothyroidism, defined by Zulewski et al. (3), were evaluated
by a physician who did not know the laboratory data of the
patients and controls. They were quantified by a simple and
convenient system 1 point = present and 0 point = absent.
The value of the total score is given as the sum of the symp-
toms and signs present (euthyroidism is indicated by a score
of 0-1; borderline hypothyroidism, 2-5; and clinical hy-
pothyroidism more than 5). The purpose of using this score
is to assess the severity of tissue hypothyroidism, to evalu-
ate patients with discordant laboratory results and to mon-
itor the effect of treatment in SH.

Blood was collected in the morning between 8 and 9 hours
after an overnight fast. Samples were centrifuged within 30
minutes at 3000g for 5 minutes. Plasma and serum were sep-
arated and stored at —80°C until assays for determination of
tissue plasminogen activator levels (tPA), PAI-1, D-dimer,
antithrombin III (ATIII), and factor VII could be performed.
TSH, FT4, and free triiodothyronine (FT3) levels were im-
mediately measured before and every 4 weeks after the ini-
tiation of treatment until the euthyroid stage was reached.
Thyroid antibodies were measured by an enzyme-linked im-
munoabsorbent assay. Thyroid antibody levels such as an-
tithyroglobulin and antithyroid peroxidase were considered
negative when they were below 0.6 and 100 IU/mL, respec-
tively. At baseline, fibrinogen, prothrombin time (PT), and
partial thromboplastin time (PTT) were determined imme-
diately. Serum FT,4 (normal range, 0.85-1.78 ng/dL) and FT;
(normal range, 1.57-4.71 pg/mL) levels were determined by
chemiluminescence immunoassay method with Immulite
2000 (DPC, Los Angeles, CA) kits. DDI (normal range, 0-0.05
png/mL), ATIII (normal range, 80-120%), and factor VII ac-
tivity measurements were performed by a STA compact au-
toanalyzer with use of Diagnostica Stago (Parsippany, NJ)
kits. Measurements of tPA activity (normal range, 1-12
ng/mL) were performed by Diagnostica Stago Asserachrom
tPA kits. PAI-1 (normal range, <10 AU/mL) levels were
measured by Shimadzu CL 770 spectrophotometer (Kyoto,
Japan) with synthetic chromogenic substrates methods (Di-
agnostica Stago Stachrom PAI-1 kits). Fibrinogen measure-
ment (normal range, 200400 mg/dL) was immediately per-
formed by STA compact auto analyzer with Clauss clotting
methods.

Data are presented as mean =+ standard deviation (SD).
Statistical analysis was performed by an IBM computer with
the use of SPSS, version 9.0 (SPSS, Inc., Chicago, IL). Stu-
dent’s f test or Mann-Whitney U test in the case of non-
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parametric distribution was used to identify variables show-
ing differences between SH group and controls. Differences
of frequencies were tested with the y? test or Fisher’s exact
test, as appropriate for repeated measures. Treatment effects
were compared for value of group with SH before and after
treatment by paired ¢ test (two-sided) for normally distribu-
tion data and Wilcoxon signed rank test for nonparametric
distribution. The level of significance was set at p < 0.05.
Pearson’s correlation analysis was carried out between fi-
brinolytic parameters and thyroid hormone and TSH levels.
Primary study variables were hemostatic parameters that are
risk factors for atherosclerotic vascular diseases. Power anal-
ysis of this study was performed by using of Power and Sam-
ple Size Calculation (PS) version 1.0.13.It has been accepted
as more valid than 0.8.

Results

The study population included 65 female subjects. Thirty
of these had normal thyroid hormones and TSH levels, 35 had
normal FT4 levels and increased TSH levels (SH). Patients had
FT4 levels within the normal range and statistically significant
higher TSH levels than the control group. At baseline, control
and subclinical hypothyroid groups were similar with respect
to age, body mass index, smoking habits, and using of estro-
gen pills. Smoking habits, mean blood systolic and diastolic
pressure were not different between controls and SH group
before LT, treatment. (Table 1).

There were no significant differences between controls
and patients with SH for symptoms (p > 0.05) except weight
gain and fatigue (p < 0.05). Significant improvement of ques-
tionnaire for Zulewski score was found in LT,-treated pa-
tients, in contrast to that of patients before treatment. The
mean score of patients before and after treatment are, re-
spectively, 3.4 = 2.5 and 0.19 + 0.40 (p < 0.001). Analyzing
subsets of patients, an improvement in symptom score was
not noted in those LT4-treated patients with pretreatment
TSH levels greater than 10 ulU/mL. On the other hand,
mean symptom score of patients with TSH levels less than
10 uIU/mL was significantly improved with LT, treatment
(p < 0.001).

There were significant differences for thyroid hormones
among control and SH groups before and after LT, treatment
(p > 0.05). On the other hand, there were significant changes
between TSH levels of controls and patients before and af-
ter LT, treatment (p < 0.001). If patients with SH were strat-
ified according to TSH levels such as less than 10 uIU/mL
or more than 10 ulU/mL, there were no significant differ-
ences for any of parameters evaluated here.

A significant increase in mean fibrinogen level of subclin-
ical hypothyroid patients was observed (p < 0.01). Com-
pared to controls, patients with normal FT, levels and in-
creased TSH levels had insignificantly higher DDI levels,
significantly higher PAI-1 and factor VII activity (p < 0.001).
We also determined insignificant decrease of tPA levels (p >
0.05) and a significant decrease of ATIII activity in the sub-
clinical hypothyroid group before LT, treatment (p < 0.05).
Platelet count, PTT, and PT were not different among con-
trol and SH groups (Table 2). PAI-1 and factor VII activity
in patients with LT, treatment significantly decreased when
compared with those of patients before treatment (p < 0.05
(Figs. 1 and 2). TPA activity also increased with treatment
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TABLE 1. CHARACTERISTICS OF PATIENTS WITH SUBCLINICAL HYPOTHYROIDISM BEFORE AND AFTER LT4 THERAPY AND CONTROLS

Control group

Age (years) 443 + 6.7
TSH (uIU/mL) 1.47 + 1.04
FT, (ng/dL) 1.16 + 0.15
FT; (pg/mL) 3.05 = 0.45
BMI (kg/m?) 26.2 + 4.3
Systolic blood 128.2 + 15.1
pressure (mm Hg)
Diastolic blood 77.0 + 7.8

pressure (mm Hg)

SH group SH group
(before treatment) (after treatment)
422 = 11.6
8.69 = 5.40° 1.97 = 1.51P
1.19 + 0.54 1.31 £ 0.21
2.75 * 0.85 2.89 * 0.56
28.1 £5.1 262 £ 6.9
126.9 = 25.3 123.1 £ 17.2
79.4 = 12.0 779 = 6.7

2Comparison of control group and SH group before treatment.
PComparison of SH groups before and after treatment.
p < 0.0001

LTj, levothyroxine; TSH, thyrotropin; SH, subclinical hypothyroidism; FTy, free thyroxine; FT3, free trilodothyronine; BMI, body mass

index.

but it was not significant (p > 0.05). Exclusion of women
treated with estrogen replacement therapy did not change
the differences found between controls and patients with SH
before and after treatment.

When smokers were excluded, a significant increase in
mean fibrinogen levels was observed in patients with SH be-
fore treatment (p < 0.05) but it did not change with LT, treat-
ment. Similar results were determined for pretreatment PAI-
1 activity compared to controls (p < 0.001). On the other
hand, factor VII activity significantly increased in the SH
group before treatment compared to that of controls (p <
0.001). It is also insignificantly decreased after treatment in
the SH group (p > 0.05). With exclusion of premenopausal
controls and cases, there were significant increase in
fibrinogen levels, PAI-1 and factor VII activity in SH group
before treatment compared to those of controls (p < 0.001).
They insignificantly decreased with LT, treatment in SH
group (p > 0.05).

In the subclinical hypothyroid group before treatment, a
significant positive correlation was found between TSH and
Zulewski score (r = 0.382). On the other hand, there was not

any correlation between symptoms score and TSH levels af-
ter treatment. We did not determine any significant correla-
tion between hemostatic parameters and Zulewski score.
There was also no correlation between hemostatic parame-
ters and TSH levels and antithyroid antibody titers. There
were no significant correlation among lipoprotein (a) [Lp(a)]
levels, PAI-1, tPA, factor VII activities, fibrinogen, DDI, and
ATIII levels (p > 0.05).

Discussion

In this study, most important findings are that patients
with SH have low ATIII levels and elevated levels of fib-
rinogen, factor VII, and PAI-1 which play a role on athero-
sclerotic disorders, and that factor VII and PAI-1 improve
with thyroid replacement treatment. Although moderate or
overt thyroid failure must be considered as one of the ath-
erosclerotic risk factors (5,11), there are several studies that
have reported a controversial association between SH and
atherosclerosis (20-22). Furthermore, a recent study has pro-
vided evidence that SH itself may be an independent risk

TABLE 2. SOME PARAMETERS OF HEMOSTATIC SYSTEM IN PATIENTS WITH SUBCLINICAL
HyrotHyRrOIDISM BEFORE AND AFTER LT4 TREATMENT AND IN CONTROLS

Control group

PT (INR) 1.03 = 0.061
PTT (sec) 283+ 1.8
Platelet/mm? 285733 = 49990
Fibrinogen (mg/dL) 3145 * 271
t-PA (ng/mL) 4.05 176
PAI-1 (AU/mL) 10.18 = 3.61
D-dimer (ug/mL) 0.39 = 0.27
ATIII (%) 106.2 + 11.8
Factor VII (%) 924 + 138
Lp(a) (g/L) 0.16 = 0.09

SH group SH group
(before treatment) (after treatment)
113 £ 041 1.10 = 0.40
29.6 + 34 28.8 £ 3.7
289346 = 101863 265461 *= 56882
329.0 = 51.2% 320.2 = 50.8
3.60 = 1.70 3.84 = 1.50
19.78 + 6.20 15.08 + 9.42%
0.52 = 0.75 0.38 = 0.43
101.8 = 6.4** 101.7 = 6.5
117.2 = 15.8t 110.3 + 7.2¢
0.27 = 0.29** 0.30 = 0.29

Comparison of control group and SH group before treatment (*p < 0.01; **p < 0.05; ¥p < 0.001).

Comparison of SH groups before and after treatment ¥ < 0.05.

LTy, levothyroxine; PT, prothrombin time; PTT, partial thromboplastin time; INR, international normalized ratio; t-PA tissue plasminogen
activator; PAI-1, plasminogen activator inhibitor type 1; ATIIL, antithrombin IIT; Lp(a), lipoprotein (a).
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FIG. 1. Distribution of factor VII activity value in control
group and case groups.

factor for atherosclerosis and myocardial infarction in elderly
women (5). However, these findings were not confirmed by
other investigations (20-22). There are several mechanisms
involved in the association between mild thyroid failure and
cardiovascular disease such as a hypercoagulable state, col-
lagen-induced platelet aggregation, hyperlipidemia, or re-
laxation of vascular smooth muscle (8). Although the deci-
sion to treat patients with SH is usually based on the fact
that some symptoms may be reversed by LT, treatment and
that therapy prevents progression to the overt stage of hy-
pothyroidism, the beneficial role of treatment on hemostatic
parameters that play a role on the atherosclerotic changes in
patients with SH must be considered for the decision of treat-
ment (15-19).

Although our knowledge of the effect of hypothyroidism
on the hemostatic system is based mainly on previous stud-
ies performed in patients with overt hypothyroidism, the in-
fluence of thyroid insufficiency on hemostatic system is still
controversial (14,23-25). Despite the known association of
cardiovascular disease and coagulation cascade, there is no
report about the association between the hemostatic system
and atherosclerotic complications of SH except the study of
Miiller et al. (14). Although patients with SH have been
shown to be at high risk for atherosclerosis, the pathogene-
sis of this association still remains unclear. As is known, the
active form of factor VII, factor VIIa, prompts neointimal hy-
perplasia (26). High factor VII has been shown to be a risk
factor for cardiovascular events. A longitudinal analysis in
atherosclerotic patients suggested that increased cardiovas-
cular risk factors were associated with higher levels of fac-
tor VII activity (27,28). In a previous study, a significant in-
crease of factor VII activity in patients with SH was reported
(14). There are conflicting results for factor VII levels in overt
hypothyroidism (23,29,30). Although our findings were not
similar to data of patients with overt hypothyroidism (23),
indicating a prethrombotic potential in patients with SH, our
findings correlate with results of a previous study performed
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on patients with SH (14) and with the study by Chadarevian
et al. (30), which recently found increased factor VII activity
in cases with overt hypothyroidism. Hypercoagulable state
in patients with SH might add to the risk for atherosclerotic
vascular disease. It can be stated that increased factor VII ac-
tivity might theoretically add to this risk (14). In the present
study, our findings suggest that increased factor VII activity
in patients with SH represents a potential hypercoagulable
state, which might augment the already existing risk for ath-
erosclerotic complications. There is no previous study that
evaluates the role of LT, treatment on factor VII activity in
SH. Although no previous report is known to us, observing
a decrease of factor VII activity with thyroxine replacement
seems important. With regard to this, LT4 treatment in pa-
tients with SH may have more importance if there are any
additional atherosclerotic vascular risk factors. The effect of
estrogen replacement therapy on the risk for cardiovascular
disease is conflicting. Some studies showed significant re-
duction of risk, others, however, have not found the same
favorable effect (14). What is known is that patients with SH
are at risk for atherosclerotic vascular disease. Although es-
trogen replacement therapy could account for an increase in
factor VII, we determined an increased factor VII activity
with or without estrogen replacement therapy (31).

The main finding of this study is that before treatment pa-
tients with SH display an increased PAI-1 level compared to
that of controls and a decreased level with LT, treatment. A
recent study found high PAI-1 antigen levels in moderate
hypothyroidism and low levels in severe hypothyroidism
(11). Although Miiller et al. (14) reported that there were no
significant differences of PAI-1 levels in cases with SH, we
found increased PAI-1 levels in patients with SH despite ex-
clusion of smokers and users of estrogen-containing drugs
compared to controls. With exclusion of smokers, we did not
determine any significant change between PAI-1levels of pa-
tients with SH before and after LT, treatment. After LT, treat-
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FIG.2. Distribution of plasminogen activator inhibitor type
1 (PAI-1) levels in control group and case groups.
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ment, PAI-1 levels decreased in patients who are not taking
estrogen replacement therapy. Smoking is associated with
increased prevalence of hypothyroidism and impaired en-
dogenous fibrinolysis (32,33). A previous study suggested
that there was not any effect of smoking on fibrinolytic ac-
tivity (11). In this study, the number of cases in this subgroup
is not enough to compare with results of previous studies.
Menopause is an independent risk factor for atherosclerotic
disease (34). We also found a significant increase of PAI-1
and factor VII levels in postmenopausal subgroup of patients
when compared with controls, but decreased levels of these
parameters after treatment is not significant. The insignifi-
cance of improvement with treatment may be due to small
study population and short treatment period or menopause,
which causes hypercoagulable state and hypofibrinolysis.

The presence of hypofibrinolysis is indicated by a reduc-
tion of tPA activity and an increase of PAI activity. It has
been anticipated that high plasma tPA levels should protect
against subsequent coronary events (32). In epidemiologic
studies of patients with ischemic heart disease and in a
healthy male population, total plasma tPA concentrations
positively predict future coronary events (11,14,35). Al-
though there is no previous study that evaluated tPA activ-
ity in patients with SH, in a study performed on patients
with moderate and severe hypothyroidism, tPA antigen lev-
els decreased in the moderate hypothyroid group and in-
creased in the severe hypothyroid group (11). Miiller et al.
(14) reported that tPA did not differentiate in patients with
SH. In this study, we determined insignificant decreased tPA
activity in patients with SH.

Multiple prospective studies have identified an associa-
tion between plasma fibrinogen concentrations and coronary
heart disease (36-38). There are several potential mecha-
nisms by which fibrinogen can promote the development of
atherosclerosis and thrombosis. A number of factors affect
fibrinogen levels such as gender, smoking, etc. (39-42). An
insignificant decrease of fibrinogen levels in patients with
moderate and severe hypothyroidism was previously re-
ported (43). In a recent study performed in patients with SH,
fibrinogen was found to be elevated compared to controls
(11). We also determined an increase in patients with SH
compared to controls. Elevated levels of fibrinogen have con-
sistently been shown as independent predictors of initial and
recurrent cardiovascular events (14). The mechanisms by
which fibrinogen may promote atherosclerosis are not fully
understood. It affects the hemostatic system and is the ma-
jor determinant of plasma viscosity. Fibrinogen is an acute-
phase reactant and could therefore also be a marker for in-
creased inflammatory activity (44). In this study, a significant
increase of fibrinogen level despite exclusion of smokers and
those treated with estrogen replacement therapy suggests
that subclinical hypothyroidism is an independent risk fac-
tor. We also determined significantly high concentrations of
fibrinogen in patients with the postmenopausal subclinical
hypothyroid subgroup. This study has shown that there was
no significant beneficial effect of LT, treatment to fibrinogen
levels in patients with subclinical hypothyroidism. This re-
sult may be because of the number of study population and
relatively short period of treatment.

ATIII is an important inhibitor of thrombin and several
other coagulation enzymes. Inherited isolated deficiency of
ATIII is a rare autosomal-dominant disorder that is associ-
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ated with recurrent deep vein thrombosis and pulmonary
emboli (45). Miiller et al. (14) reported that ATIII levels did
not change in the SH group compared to controls. However,
we determined a significant decrease in patients with SH
compared to controls. This result suggests presence of hy-
percoagulopathy in SH. On the other hand, ATIII level did
not significantly increase with LTy treatment.

Increased PAI-1 levels with or without high serum triglyc-
eride, total cholesterol, and other risk factors were suggested
as an independent risk factor (46). Whereas increased PAI-1
and tPA antigen with decreased fibrinolytic activity have
been demonstrated in patients with coronary heart disease
in many cross-sectional studies (47), there was no consensus
on the prognostic value of these fibrinolytic variables. While
clot lysis time and tPA antigen have been shown to be pre-
dictive of cardiovascular events and mortality, conflicting re-
sults have been obtained for PAI-1 determination, PAI-1 be-
ing predictive in some reports but not in others (35,47-49).
Fibrinolytic parameters are strongly related to atheroscle-
rotic risk factors such as insulin resistance parameters, lipid,
and inflammation markers (46,50). Recent epidemiologic
studies support the concept that subclinical hypothyroidism
is an independent atherosclerotic risk factor. A previous
study suggested a hypofibrinolytic state in patients with
moderate hypothyroidism. Their results also suggest that the
risk of developing thrombosis and myocardial infarction be-
cause of high PAI-1 levels might be increased (51,52).

The mechanisms by which thyroid hormone status affects
fibrinolysis still remain unclear. The suggested hypotheses
are as follows: direct effect of thyroid hormones on either
synthesis and catabolism of proteins; reduction of cate-
cholamine receptor density in hypothyroidism, leading to an
increase in PAI-1 level; consequences of atherosclerosis and
endothelial dysfunction, a condition associated with reduced
release of hemostatic factors and indirect effect through au-
toimmunity (14), but our study population is too small to
draw such a comment.

Finally, in patients with SH, which is an independent risk
factor for atherosclerosis, high PAI-1 levels (a marker of hy-
pofibrinolysis and increased factor VII activity, one of the
components of hypercoagulopathy) together with increased
lipids indicate the necessity of diagnosis and treatment of
SH to prevent the development of atherosclerotic complica-
tions. Improvement of PAI-1 and factor VII together with im-
provement of lipids as a result of LT, treatment significantly
decreases atherosclerotic risk in patients with SH. Further re-
search on hemostatic factors could improve our knowledge
of the pathogenesis of atherosclerosis and its complications
in patients with SH. It may also help us better understand
the effects of LT, treatment and find new ways to prevent
atherosclerotic diseases.
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