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ABSTRACT ARTICLE INFO

Worldwide, cerebrovascular diseases rank third as the cause of death after heart

diseases and cancer, and ranks first as the cause of handicap and disability. It is a

disease that needs to be well known and recognized, especially due to the high risk of

mortality in the acute period and the severe loss of function in the majority of

surviving patients, requiring long-term care and assistance. In this study, it is aimed

to contribute to the literature and to examine the relationship between thyroid

dysfunction and cerebrovascular diseases in patients with hyperlipidemia. When the

patient and control groups were evaluated in terms of blood lipid levels, HDL levels

were found to be significantly lower in the patient group compared to the control

group. VLDL, TG and cholesterol levels were found to be significantly higher in the

patient group compared to the control group. The T3 value was found to be

statistically significantly lower in the patient group. In some cases, such as

hyperthyroidism, hypothyroidism and hyperlipidemia, it may not show serious

clinical symptoms, which increases the importance of these investigations. We

believe that the detected thyroid dysfunction and dyslipidemia treatments will

decrease the acute stroke prevalence and improve the prognosis.
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1. Introduction
Cerebrovascular disease (CVD) is defined as the
temporary or permanent involvement of a certain region of
the brain as a result of bleeding or ischemia and / or the
primary pathological damage of one or more blood vessels
involving the brain. A large number of unrelated risk
factors that facilitate the formation process of the disease
have been identified. Heart disease (HD), hypertension
(HT), diabetes mellitus (DM), atrial fibrillation (AF), and
hyperlipidemia are some of the definite risk factors.
According to the criteria of the World Health Organization
(WHO), stroke is a focal or generalized neurological
deficit that occurs suddenly, lasts more than 24 hours or
ends with death in this time, for which no other cause is
presented from a vascular cause, and that is focal or
generalized. According to the population, cerebrovascular
diseases are the second leading cause of death in the world,
after coronary heart diseases over the age of sixty. It is

seen as the primary cause of loss of work force and
disability [1-4].
Unclear links between cerebrovascular diseases and
thyroid dysfunctions have begun to be presented.
Cardioembolic stroke is directly associated with thyrotoxic
AF in marked hyperthyroidism, and the incidence of AF is
increasing in subclinical hyperthyroidism. There is
insufficient evidence to suggest that overt hypothyroidism
is associated with risks of atherosclerosis, particularly HT,
hyperhomocysteinemia and hyperlipidemia. In subclinical
hypothyroidism, the certainty of this relationship is rather
insufficient [5-8].
In this study, it is aimed to examine the connection
between thyroid dysfunction and cerebrovascular diseases
in patients with hyperlipidemia and to contribute to the
literature.
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2. Materials and Methods
The study was conducted between the dates of 02.06.2019
and 31.12.2019, with a retrospective examination of 379
people, 250 of whom were patient group and 129 as
control group, who applied to Istanbul Erenköy Mental
and Neurology Training and Research Hospital Neurology
Polyclinic with a diagnosis of cerebrovascular disease.
This research was based on Helsinki Principle’s
Declarations. The study protocol was approved by the
Institutional Ethics Committee for Research on Human
Subjects of Firat University (number and date 05/30,
28.03.2019, respectively) and all participants signed an
informed written consent form prior to the study. All the
information was kept confidential.
TSH, Total T3, Total T4 were routinely examined among
the thyroid function tests of the patients included in the
study. For lipid parameters, total cholesterol and high
density lipoprotein (HDL), low density lipoprotein (LDL)
levels, very low density lipoprotein (VLDL) and
triglyceride levels were routinely measured. The samples
were taken in mm of blood at the blood serum level and
combined in cuvettes with their own test kits and they
were routinely examined photometrically in the Abboot
Brand Ci4100 Autoanalyzer. The anamnesis of the patients,
who were preferred to be included in the study, were
scanned and the file information of the patients was
examined. Whether the patient had coronary heart disease,
HT, arrhythmia, hyperlipidemia, MI, DM, thyroid
dysfunction and whether he/she was treated for these
diseases were recorded in their history. Neurological and
systemic examination epicrises on admission were
evaluated. Electrocardiography results were recorded in
terms of blood glucose and blood pressure values
measured at the time of admission to the hospital and

rhythm irregularity. Lipid parameter values and thyroid
function tests data were recorded during the patient's
hospitalization.
Thyroid function tests and lipid parameters were routinely
examined photometrically by taking mm of blood at the
blood serum level in the Abboot Brand Ci4100
Autoanalyzer Device, combined with its own test kits in
cuvettes.
2.1. Statistical Evaluation
Statistical evaluations in the study were carried out in the
SPSS 22.0 program. In addition to descriptive statistical
methods (standard deviation, mean) for the analysis of the
data, one-way analysis of variance was used for the
comparison of the data, and the Chi-square test for the
comparison of qualitative findings. The significance level
of the results was evaluated at p<0.05.
3. Results
In this study, 379 subjects aged between 15 and 100 years
were analyzed retrospectively. Thyroid function tests and
lipid parameters were evaluated as 145 male, 105 female,
250 of these subjects as the patient group, 56 male, and 73
female (totally 129) as control group. The patient group
was determined from those who were admitted or
hospitalized with a diagnosis of CVD, and the control
group was determined from those who did not have CVD
who applied to the neurology outpatient clinic. HDL,
Triglyceride (TG), LDL, Cholesterol, TSH, T3, T4 and
VLDL values of the patient and control group included in
the study were taken and compared statistically.
The mean age of the treatment group was 69.4±13.2, and
the control group was 55.7±18.5. There were 145 males
and 105 females in the treatment group while there were
56 male and 73 female cases in the control group (Table 1).

Table 1. Demographic characteristics of patient and control groups

When the treatment and control groups were evaluated in
terms of blood lipid levels, HDL levels were found to be
significantly lower in the treatment group compared to the
control group *(p<0.001). VLDL and TG levels were
found to be significantly higher in the treatment group
compared to the control group. *(p=0.006, p=0.006,

respectively). No statistically significant difference was
found between the treatment and control groups in terms
of LDL levels. Cholesterol levels in the treatment group
were found to be significantly higher than the control
group *(p<0.001) (Table 2).

Table 2. Blood lipid levels in the treatment and control groups

HDL LDL VLDL Triglyceride Cholesterol

Patient 37.1± 9.68 134±65.4 32.2±23.9* 161±119* 221±48.1*

Control 49.1±10.6* 128±40.6 26.8±15.8 134±79.1 176±40.7

When the treatment and control groups were compared, the T3 value was found to be statistically significantly lower in the
treatment group compared to the control group. No statistically significant difference was found between the treatment and
control groups in terms of T4 and TSH values. (p=0.942, p=0.095, respectively) (Table 3).

Patient Control

Age
69.4±13.2 55.7±18.5

Gender
145M+105F 56M+73F
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Table 3. Evaluation of average T3, T4 and TSH in treatment and control groups

T3 T4 TSH

Patient 2.34±0.407* 1.04±0.158 1.68±1.93

Control 2.77±1.16 1.05±0.264 1.83±1.91

4. Discussion
Stroke is a very serious health problem due to the fact that
it takes the third place among the causes of mortality in all
countries of the world and because of the long-term
disability in morbidity [9]. Many risk factors for
cerebrovascular diseases have been identified with
epidemiological data. While race, gender, age, and
pedigree are among the risk factors that cannot be changed,
DM, HT, HD, obesity, hyperlipidemia, eating habits and
hemostatic factors are among the risk factors that can be
changed [10-13].
Cerebrovascular diseases are basically diseases whose
incidence increases as age increases [14]. In our study, the
risk of developing stroke increased as the age increased.
Thyroid diseases also increase with age. In a study
conducted on 344 healthy individuals over the age of 60,
they found that the rate of TSH (TSH) was significantly
higher in 22 individuals (5.9%). Free T4 (ST4) and serum
thyroxine (T4) levels were found to be low in 10 of these
22 individuals [15]. In another study they conducted, TFB
was transmitted more in female individuals (5.9%) than
male individuals (2.3%) [16]. As a result of their studies,
Cappola et al. [17] found that subclinical thyroid
dysfunction is more common in women than in men.
Thyroid dysfunction was more common in women in our
retrospective study. In another study, it was concluded that
hypothyroidism has positive results on both prognosis and
clinical presentation in acute stroke. The reason for this
has been shown the decrease of sensitivity in patients with
hypothyroidism against adrenergic stimulus, which
increases during acute stress [18]. Thyroid hormones have
various effects on the cardiovascular system [19].
Hyperthyroidism has various effects on the cardiovascular
system, such as systolic hypertension, sinus tachycardia,
diastolic function and ventricular systolic changes,
changes in peripheral vascular resistance and rhythm
disturbances, especially increased tendency to atrial
fibrillation, and many clinical symptoms of
hyperthyroidism develop due to the effects of thyroid
hormones on the cardiovascular system [20]. Thyroid
hormone directly increases myocardial inotropy and heart
rate. T3 decreases peripheral vascular resistance (PVR)
and increases cardiac output by dilating the resistant
arterioles of the peripheral circulation. In hyperthyroid
patients, there is more than 50% reduction in PVR [21]. In
the study conducted by Walsh et al. [22] when the
subclinical hypothyroid group of 105 people was
compared with the euthyroid group of 1859, it was
concluded that hypothyroidism was not associated with
hypertension. In the same study, blood pressure was found
to be higher in 35 subclinical hyperthyroid patients
compared to the euthyroid group [22]. Since our study is a
retrospective study, patients do not have any recorded
information about blood pressure. In a study of 20 patients
with iatrogenic subclinical hyperthyroidism, Biondi et al.

[23] found that atrial premature beats were higher and
mean heart rate increased by 20% compared to the control
group. They found left ventricular hypertrophy in 6 of 20
patients on echocardiography [23]. In the study conducted
by Cappola et al. [17] on 3233 individuals over 65 years of
age, no difference was found between the subclinical
hyperthyroidism, hypothyroidism and subclinical
hypothyroid group and the euthyroid group between
coronary artery disease, cerebrovascular disease,
cardiovascular diseases and mortality [17]. In our
retrospective study, no significant difference was found
between patients with cerebrovascular disease and thyroid
except for T3 levels.
As a result, the treatment of thyroid dysfunction, which is
determined as the thyroid function tests should be
controlled in cerebrovascular patients, has an important
role in preventing the progression of cerebrovascular
disease and improving the prognosis.
It has been observed in more than one study that there is a
continuous and strong relationship between serum
cholesterol level and atherosclerotic vascular disease.
Atherosclerosis plays a primary role in the most common
thromboembolic form of stroke [24]. Atherosclerotic
plaques are rich in cholesterol and cholesterol esters made
up of lipoproteins in the blood. Atherosclerosis can be
caused by a diet rich in cholesterol in experimental
animals. LDL is the richest lipoprotein of cholesterol. The
risk is also increased in hyperlipidemia rich in VLDL. The
relationship with HDL is inversely proportional. HDL
cholesterol below 35 mg/dL is an independent risk factor
for the development of atherosclerosis. Hyperthyroidism
decreases the total LDL level by increasing the LDL
turnover, the HDL level does not change or decrease.
Formation and transport of lipoproteins are severely
impaired in patients with hypothyroidism. Hypothyroidism
is characterized by hypercholesterolemia and increases in
LDL and apoprotein B levels. Fractional LDL clearance
decrease due to the decreasing of LDL receptors in the
liver of these patients. HDL levels are normal or may be
elevated in severe hypothyroidism. In these patients,
hepatic lipase and cholesterol ester transfer protein activity,
which are enzymes that regulate thyroid hormone,
decreased. Subclinical hypothyroidism is characterized by
normal or moderately elevated total cholesterol levels, an
increase in LDL level and a decrease in HDL level [25]. In
the study of Kanaya et al. [26], it was found that the
cholesterol level was increased in patients with high TSH
levels, and the cholesterol level was decreased in patients
with low TSH levels. When compared with the control
group, it was observed that the total and LDL cholesterol
levels were significantly higher and the carotid artery
intima-media thickness (IMT) increased. After L-thyroxine
replacement therapy total and LDL cholesterol 63 levels
and IMT were decreased [27]. Treatment of stroke is
difficult and still ineffective. Therefore, the main goal is
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protection from stroke. Prevention of stroke has been
proven by correcting modifiable risk factors [28].
For many years, lipid abnormalities have been suspected to
cause atherosclerosis, and numerous epidemiological and
cohort studies found a strong relationship between the
incidence of diseases on the basis of atherosclerosis, such
as ischemic heart disease, stroke and peripheral vascular
disease, and total cholesterol (TC), low density lipoprotein
(LDL), and high-density lipoprotein (HDL). Recent studies
show that, apart from these traditional serum lipid markers,
TC / HDL, LDL / HDL, Triglyceride (TG) / HDL ratios
may be better predictors of vascular risk [29,30].
Most epidemiological studies have found an association
between high cholesterol levels and increased risk of
ischemic stroke. Overall, epidemiological studies indicate
that higher total cholesterol levels may be associated with
an increased risk of ischemic stroke. In addition, a
relationship has been found between cholesterol levels and
carotid artery atherosclerosis [31]. Hyperlipidemia was
present in 16% of stroke patients, and in the Khan et al.
[32] and Tanveer’s study [33], hyperlipidemia was the
third most common risk factor in stroke. In the study of
Mahmood et al. [34], it was determined as a risk factor in
21% of 200 stroke patients. Among many cardiovascular
risk factors, increased cholesterol level is one of the
important factors that play a role in the development of
atherosclerosis despite the absence of other known risk
factors [35].
Similarly, in the study of Nirmala et al. [36], TC, TG, LDL,
VLDL, TK / HDL, LDL / HDL ratios were found to be
significantly higher in young stroke patients compared to
controls, and a positive correlation was found with the risk
of stroke. In our study, in support of this research,
cholesterol triglyceride levels in stroke patients were found
to be significantly higher than controls.
Triglyceride / HDL ratio is an indicator of harmful low
density LDL particles. High LDL, together with high TG
and HDL levels, causes a greater risk of developing
coronary artery disease compared to LDL elevation alone
[37,38].
In the study of Park et al. [39] the risk of major vascular
events and recurrent stroke was found to be significantly
higher in the 2-year follow-up of patients with high TG /
HDL ratio, so it was stated that it may have prognostic
value in detecting patients with high risk for recurrent
stroke.
Low molecular weight cholesterol is considered as
enatherogenic lipoprotein and constitutes the majority of
cholesterol in plasma. In the study of Nirmala et al. [36],
serum levels were found to be significantly higher in
stroke patients. Lipoprotein metabolism shows some
changes with age. The most important factor affecting the
cholesterol level is changes in body weight. Cholesterol
levels increase slowly in women between the ages of 25
and 55, but this increase is slower than in men. Age-related
changes in cholesterol metabolism are mainly manifested
as LDL elevation; HDL levels depending on the age do not
change and are generally about 10 mg/dL higher in women
than men [40,41]. Therefore, the result we found in our
study is due to the fact that the LDL value increases faster
with age in males than in females, and the HDL values in
males are lower than those in females.
Conclusion

In conclusion, dyslipidemia, one of the intervenable risk
factors in the etiology of cerebrovascular disease, has an
important role in the development of atherosclerosis. The
fact that our study was conducted retrospectively created a
limitation in our study. However, it can be emphasized that
it can be a stimulant in determining the risk of stroke by
knowing only the TG / HDL ratio. Regardless of the
underlying etiology, there is a significant increase in t
cholesterol values in cerebrovascular patients compared to
the healthy population. Especially in ischemic stroke
patients, TG / HDL ratio is higher than the control group.
Since studies show that the lipid parameters of cholesterol
triglyceride and LDL-C elevation have prognostic value in
terms of recurrent stroke, the ratio of lipid parameters
should be determined regardless of the etiology detected in
stroke patients.
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