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Abstract. – OBJECTIVE: The relationship 
between thyroid function and carotid artery 
stenosis in euthyroid patients is controversial. 
Therefore, we aimed at evaluating the relation-
ship between the severity of carotid artery dis-
ease (CAD) and thyroid-stimulating hormone 
(TSH) levels in euthyroid patients. 

PATIENTS AND METHODS: A total of 90 eu-
thyroid patients with CAD were trichotomized in-
to three groups based on CAD severity. Group 1 
comprised patients who had one internal carot-
id artery with total stenosis and the other with 
more than 50% stenosis. In Group 2, patients 
had one internal carotid artery with total steno-
sis and the other with less than 50% stenosis. 
Group 3 comprised patients with less than 50% 
stenosis in both internal carotid arteries. Demo-
graphic data, complete blood count, biochemi-
cal parameters, and thyroid function parameters 
were compared between the groups.

RESULTS: No significant relationship was not-
ed between the severity of CAD and demograph-
ic data and comorbidity rates. A comparison of 
the biochemical parameters revealed that TSH 
levels were significantly different between the 
groups. Post-hoc analysis showed that Group 1 
and Group 3 differed significantly with respect 
to TSH levels (0.75 ± 0.37 IU/mL vs. 1.39 ± 1.00 
IU/mL, p=0.002). A cut-off value of 0.65 yield-
ed 46.67% sensitivity and 81.67% specificity, 
whereas a cut-off value of 0.70 yielded 53.33% 
sensitivity and 75.00% specificity. The area un-
der the curve was 0.691 (95% CI, 0.576-0.806) 
(p=0.003). 

CONCLUSIONS: TSH can be demonstrated 
to predict severe carotid artery disease. There-
fore, the severity of CAD can be assessed using 
TSH levels.
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Introduction

The anterior pituitary gland receives its blood 
supply from the superior hypophyseal artery, 

which is a branch of the internal carotid artery; 
in contrast, the posterior pituitary gland receives 
its blood supply from both the internal carotid 
and posterior communicating arteries. The hy-
pothalamic-pituitary hormones are controlled by 
the upper central region of the brain, which regu-
lates the body’s hormone balance through various 
axes. One of these is the hypothalamic-pitu-
itary-thyroid axis. Thyroid-stimulating hormone 
(TSH) is secreted from cells in the anterior 
pituitary gland. Few studies1,2 have demonstrated 
a relationship between carotid artery stenosis 
and the levels of TSH in euthyroid patients, but 
no significant relationship has been established 
between carotid artery stenosis and TSH levels 
in euthyroid patients. In addition, increased TSH 
levels have been reported following revascular-
ization for carotid artery stenosis in euthyroid 
patients3. It has been previously shown that ca-
rotid artery aneurysm, carotid cavernous fistula 
and internal carotid agenesis reduce TSH secre-
tion4-7. Endovascular therapy has been shown 
to improve TSH and T4 levels in patients with 
pituitary dysfunction secondary to an unruptured 
internal carotid artery aneurysm4-5. Therefore, we 
think that decreased TSH levels can be observed 
with reduced pituitary perfusion, that is, with 
the increasing severity of carotid artery disease 
(CAD). The present study aimed at investigating 
the relationship between the severity of CAD and 
TSH in euthyroid patients.

Patients and Methods

This study included patients who had under-
gone carotid angiography between September 
2010 and March 2019. The study patients were 
divided into three groups based on their CAD se-
verity, as determined by the angiography results. 
Group 1 included patients who had one internal 
carotid artery with total stenosis and those whose 
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other artery had more than 50% stenosis. Group 2 
was composed by patients with one of their inter-
nal carotid arteries having total stenosis and the 
other artery having less than 50% stenosis. Group 
3 comprised patients who had less than 50% 
stenosis in both internal carotid arteries. Of the 
52 patients in the first group, 22 were excluded 
because they did not meet the inclusion criteria. 
The second and third groups included 30 pa-
tients each with demographic characteristics that 
were similar to those in the first group. All three 
groups of patients had less than 30% stenosis in 
both bilateral external carotid arteries.

Hypertension was defined as having persistent-
ly elevated blood pressure higher than 140/90 
mmHg or using antihypertensive medication; 
diabetes mellitus was defined as either having 
a fasting blood glucose level of 126 mg/dL as 
reflected by at least two measurements or using 
antidiabetic medication; and hyperlipidaemia was 
defined as either having total serum cholesterol 
>200 mg/dL or using lipid-lowering drugs. The 
following exclusions were applied: patients with 
TSH, free thyroxine (fT4) and free tri-iodothy-
ronin (fT3) levels outside the normal reference 
range; patients who had received treatment for a 
thyroid disorder; patients with bilateral internal 
carotid occlusion, stenosis of a major intracra-
nial artery, carotid-cavernous fistulas or carotid 
artery aneurysms; patients with insufficient test 
results; patients with a history of thyroid or pi-
tuitary surgery; patients with chronic liver or 
kidney disease; patients with a malignancy.

Blood samples for the biochemical analyses 
were drawn after 12 h of fasting from the ante-
cubital vein into test tubes without anticoagu-
lant; samples were centrifuged for 10-15 min at 
2,500-3,000 rpm, and the serum was separated by 
decantation. Serum thyroid hormone levels (fT3, 
fT4 and TSH) were measured with a chemilumi-
nescence immunoassay using the Architect sys-
tem (Abbott, Wiesbaden, Germany), according 
to the manufacturer’s instructions. The following 
measurements were accepted as normal values in 
the laboratory: fT4 8.1-19.1 pg/mL, fT3 1.57-4.71 
pg/mL and TSH 0.35-4.94 μIU/mL. Euthyroid-
ism was defined as having serum TSH, fT4 and 
fT3 levels within the normal reference range. 
Patients with increased TSH levels combined 
with fT4 and fT3 levels within the normal range 
were considered to have subclinical hypothyroid-
ism. Patients with TSH levels below the normal 
range combined with fT4 and fT3 levels within 
the normal range were considered to have sub-

clinical hyperthyroidism. A decrease in fT4 and 
fT3 below the assay reference range, in addition 
to increased TSH in patients with clinical symp-
toms, was considered overt hypothyroidism. An 
increase in fT4  and fT3  above the assay refer-
ence range accompanied by suppressed TSH in 
patients with clinical symptoms was considered 
overt hyperthyroidism.

Statistical Analysis
The statistical analyses were performed using 

SPSS software version 22 (IBM Corp., Armonk, 
NY, USA). Initially, the continuous variables 
(quantitative) were recorded with the mean ± SD 
values, and the categorical variables (qualitative) 
were recorded as percentages (%). The normal 
distribution of the variables was verified with 
the Kolmogorov-Smirnov’s test. The associations 
between the non-normally distributed variables, 
the correlation coefficients and their significances 
were calculated using the Spearman’s test. Com-
parisons between the groups were performed us-
ing ANOVA when the distribution was normal or 
with the Kruskal-Wallis’ test and the Mann-Whit-
ney U test when the distribution was not normal. 
Post-hoc analysis was performed using Tukey’s 
HSD and Dunn’s tests. Then, receiver operations 
characteristic (ROC) curves were created to iden-
tify and graphically display the cut-off values 
for the predictive role of TSH. The results were 
presented as the area under the curve (AUC), and 
the best cut-off values were assigned to points of 
higher sensitivity and specificity (according to 
Youden’s index). A p-value lower than 0.05 was 
considered statistically significant.

Results

The present study included 90 patients, 70 
males and 20 females. The mean age of the pa-
tients was 70.90 ± 9.18 years in Group 1, 67.27 
± 8.66 years in Group 2 and 70.43 ± 10.4 years 
in Group 3 (p=0.176). There were 30 patients in 
each study group (designated Group 1, Group 2 
or Group 3). The study included 67 patients with 
hypertension, 27 patients with diabetes mellitus, 
21 patients with hyperlipidaemia, 34 patients 
with CAD and 10 patients with peripheral ar-
tery disease. Eight of the patients were smokers. 
No significant relationships were noted between 
CAD severity and demographic data or comor-
bidity rates (Table I).
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The measured hematologic, biochemical and 
hormone levels were compared to CAD severi-
ty (Table II). A comparison of the biochemical 
parameters revealed that TSH levels were sig-
nificantly different between the groups (Table 
II, Figure 1). Post-hoc analysis showed that 
Group 1 and Group 3 differed from each other 
significantly with respect to TSH levels (0.75 ± 
0.37 IU/mL vs. 1.39 ± 1.00 IU/mL, p = 0.002), 
while comparison of Group 2 and Group 3 (0.96 
± 0.46 IU/mL vs. 1.39 ± 1.00 IU/mL, p = 0.259) 
and comparison of Group 1 and Group 2 (0.75 
± 0.37 IU/mL vs. 0.96 ± 0.46 IU/mL, p= 0.272) 
were not significantly different with respect to 
TSH levels.

The significant cut-off values for the TSH 
levels were analyzed to determine whether they 
could be used to identify CAD severity. A cut-
off value of 0.65 yielded 46.67% sensitivity and 
81.67% specificity, whereas a cut-off value of 0.70 
yielded 53.33% sensitivity and 75.00% specificity. 
The area under the curve (AUC) was 0.691 (95% 
CI, 0.576-0.806) (p = 0.003) (Figure 2).

Discussion

To the best of our knowledge, this is the first 
study to investigate the relationship between thy-
roid-stimulating hormones and the severity of 

Table I. Demographic data and comorbidity rates based on the severity of carotid artery disease.

		  Carotid artery disease		

	 Group 1	 Group 2	 Group 3	 p-value

Gender (male) n %	 23 (76.67)	 25 (83.33)	 22 (73.33)	 0.638
Age (years)	 70.90 ± 9.18	 67.27 ± 8.66	 70.43 ± 10.4	 0.176
Hypertansion n (%)	 26 (86.67)	 20 (66.67)	 21 (70.00)	 0.164
Diabetes mellitus n (%)	 12 (40.00)	 7 (23.33)	 8 (26.67)	 0.329
Hyperlipidemia n (%)	 6 (20.00)	 10 (33.33)	 5 (16.67)	 0.271
Smoking n (%)	 5 (16.67)	 3 (10.00)	 0 (0.00)	 0.074
Coronary artery disease n (%)	 10 (33.33)	 13 (43.33)	 11 (36.67)	 0.718
Peripheral vascular disease n (%)	 4 (13.33)	 4 (13.33)	 2 (6.67)	 0.638

Values are mean ± SD.

Table II. Comparison of the measured hematologic, biochemical and hormone values with respect to the severity of carotid 
artery disease.

		  Carotid artery disease		

	 Group 1	 Group 2	 Group 3	 p-value

Glucose (mg/dL)	 124.23 ± 61.41	 129.20 ± 45.06	 117.70 ± 53.58	 0.400
Creatinine (mg/dL)	 0.93 ± 0.19	 0.86 ± 0.15	 0.87 ± 0.16	 0.249
Sodium (mEq/L)	 139.13 ± 2.75	 139.60 ± 2.06	 139.07 ± 2.53	 0.611
Potassium (mEq/L)	 4.31 ± 0.35	 4.35 ± 0.40	 4.50 ± 0.40	 0.203
Albumin (g/dL)	 3.83 ± 0.39	 4.03 ± 0.38	 3.98 ± 0.39	 0.238
TSH (IU/mL)	 0.75 ± 0.37	 0.96 ± 0.46	 1.39 ± 1.00	 0.003
Free T4 (ng/dL)	 14.07 ± 2.49	 13.97 ± 2.11	 13.10 ± 2.00	 0.155
Free T3 (ng/dL)	 3.92 ± 0.99	 3.88 ± 0.78	 3.78 ± 0.74	 0.852
Hemoglobin (g/dL)	 13.72 ± 1.14	 14.00 ± 1.18	 13.48 ± 1.07	 0.205
Hematocrit (%)	 40.84 ± 3.40	 42.39 ± 3.38	 40.79 ± 3.67	 0.097
WBC (103/µl)	 8.13 ± 1.94	 7.61 ± 1.80	 7.14 ± 1.53	 0.100
Platelet (10³/µL)	 249.10 ± 94.74	 254.83 ± 67.00	 229.10 ± 69.21	 0.240
TC (mg/dL)	 184.17 ± 43.61	 198.20 ± 47.69	 201.93 ± 54.55	 0.336
LDL-C (mg/dL)	 122.73 ± 37.44	 140.37 ± 39.22	 135.03 ± 39.50	 0.201
Triglyceride (mg/dL)	 148.43 ± 80.56	 136.73 ± 68.62	 152.53 ± 95.03	 0.949
HDL-C (mg/dL)	 39.47 ± 11.66	 40.93 ± 8.32	 44.99 ± 14.66	 0.372

TC: Total plasma cholesterol, HDL-C: High-density lipoprotein cholesterol, LDL-C: Low-density lipoprotein cholesterol, WBC: 
White Blood Cell, TSH: Thyroid stimulating hormone, Free T3: Free triiodothyronine, FreeT4: Free thyroxine, p: Pearson 
correlation. Values are mean ± SD.
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carotid artery disease. We observed that TSH 
levels decreased with increased CAD severity. 
In addition, fT4 and fT3 levels increased with 
increasing severity of CAD, but this result was 
not statistically significant.

The thyroid hormones controlled by the hypo-
thalamic-pituitary-thyroid axis consist of T3 and 
T4. Studies8 have shown that both hypothyroid-
ism and hyperthyroidism are associated with an 
increased incidence of cardiovascular diseases. 
Hypothyroidism may lead to atherosclerotic vas-
cular disease secondary to diastolic hypertension, 
cardiac dysfunction and hypercholesterolemia9. 

Moreover, euthyroidism has been found to be 
associated with carotid atherosclerosis and in-
creased levels of inflammatory marker10-12. Stud-
ies1,10-15 have shown relationships between nor-
mal thyroid hormone levels and inflammatory 
markers, mitral annular calcification, carotid inti-
ma-media thickness, and carotid artery stenosis. 
In addition, the presence of carotid atheromatous 
plaque has been found to be associated with low 
fT4 levels in euthyroid patients with ischaemic 
stroke16. Liu et al16 showed the relationship be-
tween low-to-normal thyroid function and the 
presence of carotid atheromatous plaque. This 
relationship can be explained by several mecha-
nisms. For instance, low fT4 levels may lead to 
atherosclerosis by causing impaired endothelial 
function, in addition to increasing lipid levels, 
insulin resistance and hypertension17-20. Similarly, 
a study by Jeong et al1 showed the relationship 
between low-to-normal thyroid function and ath-
erosclerotic conditions, such as carotid artery 
stenosis. In this study, we found that fT4 levels 
increased with increasing severity of CAD, irre-
spective of carotid artery stenosis, in euthyroid 
patients. We suggest that these patients may have 
increased heart rate, pulse, cardiac output, arteri-
al stiffness and blood pressure due to increased 
fT4 levels, and this could increase the severity of 
atherosclerotic CAD.

Whether symptomatic or not, carotid artery 
stenosis may affect the cerebrovascular system21. 
Instead of increasing carotid intima-media thick-
ness, carotid artery stenosis is an indicator of ad-
vanced atherosclerosis. Severe carotid artery ste-
nosis may lead to impaired cognitive functions22. 
Ischaemia and neurocognitive functions can be 
improved in patients who undergo carotid artery 
stenting with severe internal carotid artery ste-
nosis23-25. Although Liu et al16 found that patients 
with intracranial artery stenosis had increased 
fT4 levels and decreased TSH levels, they did 
not observe a significant relationship between T4 
and TSH levels and intracranial artery stenosis; 
we think this may be due to decreased intracra-
nial blood flow and pituitary perfusion, which 
supports our hypothesis. Our patient group was 
composed by patients with internal CAD, and the 
physiopathology of intracranial artery stenosis 
may be different.

TSH levels increase with advancing age. While 
thyroid functions tend to decrease with age, re-
searchers26,27 have shown that TSH levels exhibit 
a mean increase of 13% in patients older than 13 
years, particularly in females. Although there 

Figure 2. ROC curve demonstrating the cut-off value of 
TSH to predict severe carotid artery disease.

Figure 1. TSH levels according to the severity of carotid 
artery disease.
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is a positive correlation between mortality and 
serum thyroxin levels in the elderly, increased 
TSH levels are associated with low mortality28. 
If there is endocrine dysfunction due to an insuf-
ficient supply to the pituitary gland, endocrine 
functions can be improved following revascular-
isation. In a study by Yeh et al3, it was observed 
that TSH levels increased following revascular-
isation. Reportedly, pituitary perfusion could 
be reduced due to vascular pressure in carotid 
artery aneurysms, leading to decreased secretion 
of TSH and other pituitary hormones. It has al-
so been shown that TSH and T4 levels improve 
with endovascular treatment in patients with 
pituitary dysfunction secondary to an internal 
carotid artery aneurysm that had not previously 
ruptured4,5. A carotid cavernous fistula may lead 
to hypoperfusion of the pituitary gland, resulting 
in decreased TSH and T4 levels6. Moreover, pi-
tuitary failure has reportedly been observed due 
to hypoperfusion in internal carotid agenesis7. In 
this study, we showed that TSH levels exhibited a 
statistically significant decrease stemming from 
reduced pituitary perfusion due to increased 
CAD severity.

Limitations
The limitations of our study were as follows: 

the study was designed to be retrospective with 
a small number of patients, and it was based on 
records from a single hospital. Thyroid antibody 
levels were not measured. All measurements 
were performed once, which may have led to 
misdiagnosing some patients with thyroid disease 
and a variance in fT4 levels. The pituitary-gonad-
al axis, pituitary-adrenal axis, growth hormone, 
prolactin, antidiuretic hormone and oxytocin hor-
mones were not measured. 

Conclusions

Consequently, TSH levels decreased with the 
increasing severity of CAD in euthyroid patients. 
TSH was demonstrated to predict severe carotid 
artery disease; therefore, the severity of CAD 
can be assessed using TSH levels. These results 
should be supported by randomized controlled 
studies.

Conflict of Interest
The Authors declare that they have no conflict of interests.

Ethics Approval
This study complies with the principles of the Declaration 
of Helsinki and was approved by the Ethics Review Com-
mittees of the Sakarya University.

Funding
The authors received no financial support for the research, 
authorship, and/or publication of this article.

Informed Consent 
The patients were informed, and consent was obtained.

Availability of Data and Materials
The data and materials generated/analyzed in the present 
study are available from the corresponding author upon re-
quest.

Authors’ Contribution
Conception and design: Y. Can, I. Kocayigit and N. Can; 
Acquisition of data: Y. Can, I. Kocayigit and N. Can; Anal-
ysis and interpretation of data: Y. Can, N. Can, I. Kocayig-
it and H. Kılıc; Drafting the article: Y. Can, H. Kılıc and R. 
Akdemir; Supervision: H. Kılıc and R. Akdemir; Validation 
and final approval: All authors.

ORCID ID
Yusuf Can: 0000-0002-4535-7367; Nimet Can: 0000-0003-
1307-3578; İbrahim Kocayiğit: 0000-0001-8295-9837; Ha-
run Kılıç: 0000 0002 1358 5015; Ramazan Akdemir: 0000 
0002 2262 3087.

References

  1)	 Jeong SK, Seo JY, Nam HS, Park HK. Thyroid 
function and internal carotid artery stenosis in 
ischemic stroke. Endocr J 2010; 57: 711-718.

  2)	 Sevuk U, Erdolu B, Kubat E, Altindag R, Baysal E, 
Yaylak B, Bahadir MV, Tutun U. Normal Thyroid 
Function and Its Relationship with Carotid Artery 
Stenosis in Patients with coronary artery disease. 
Exp Clin Cradiol 2014; 20: 2569-2583

  3)	 Yeh CF, Shih SR, Lin MS, Li HY, Chen YH, Huang 
CC, Hung CS, Kao HL. Improvement of Pituitary 
Function after Carotid Revascularization in Pa-
tients with Abnormal Cerebral Perfusion-APilot 
Study. Acta Cardiol Sin 2018; 34: 472-480.

  4)	 Qi M, Ye M, Li M, Zhang P. Pituitary Dysfunction 
from an Unruptured Ophthalmic Internal Carotid 
Artery Aneurysm with Improved 2-year Follow-up 
Results: A Case Report. Open Med (Wars) 2018; 
13: 137-141. 

  5)	 Tan LA, Sandler V, Todorova-Koteva K, Levine 
L, Lopes DK, Moftakhar R. Recovery of pituitary 
function following treatment of an unruptured gi-



Y. Can, N. Ucaroglu Can, I. Kocayigit, H. Kilic, R. Akdemir

8316

ant cavernous carotid aneurysm using Surpass 
flow-diverting stents. J Neurointerv Surg 2015; 7: 
e20.

  6)	 Yarandi SS, Khoshnoodi MA, Chandra P. Hypop-
ituitarism caused by carotid cavernous fistula. In-
tern Med 2011; 50: 1105-1108. 

  7)	 Shulman DI, Martinez CR. Association of ectopic 
posterior pituitary and anterior pituitary hypopla-
sia with absence of the left internal carotid. J Pe-
diatr Endocrinol Metab 1996; 9: 539-542.

  8)	 Klein I, Ojamaa K. Thyroid hormone and the cardio-
vascular system. N Engl J Med 2001; 344: 501-509.

  9)	 Duggal J, Singh S, Barsano CP, Arora R. Cardio-
vascular risk with subclinical hyperthyroidism and 
hypothyroidism: pathophysiology and manage-
ment. J Cardiometab Syndr 2007; 2: 198-206.

10)	 Jublanc C, Bruckert E, Giral P, Chapman MJ, Leen-
hardt L, Carreau V, Turpin G. Relationship of circu-
lating C-reactive protein levels to thyroid status and 
cardiovascular risk in hyperlipidemic euthyroid sub-
jects: low free thyroxine is associated with elevated 
hsCRP. Atherosclerosis 2004; 172: 7-11.  

11)	 Takamura N, Akilzhanova A, Hayashida N, Kado-
ta K, Yamasaki H, Usa T, Nakazato M, Maeda T, 
Ozono Y, Aoyagi K. Thyroid function is associat-
ed with carotid intima-media thickness in euthy-
roid subjects. Atherosclerosis 2009; 204: 77-81. 

12)	 Dullaart RPF, Vries Rd, Roozendaal C, Kobold 
ACM, Sluiter WJ. Carotid artery intima media 
thickness is inversely related to serum free thy-
roxine in euthyroid subjects. Clin Endocrinol (Oxf) 
2007; 67: 668-673. 

13)	 Dörr M, Ruppert J, Wallaschofski H, Felix SB, 
Völzke H. The association of thyroid function 
and heart valve sclerosis. Results from a popula-
tion-based study. Endocr J 2008; 55: 495-502. 

14)	 Zhou Y, Zhao L, Wang T, Hong J, Zhang J, Xu 
B, Huang X, Xu M, Bi Y. Free Triiodothyronine 
Concentrations are Inversely Associated with El-
evated Carotid Intima-Media Thickness in Mid-
dle-Aged and Elderly Chinese Population. J Ath-
eroscler Thromb 2016; 23: 216-224. 

15)	 Peixoto de Miranda ÉJ, Bittencourt MS, Perei-
ra AC, Goulart AC, Santos IS, Lotufo PA, Bense-
nor M. Subclinical hypothyroidism is associat-
ed with higher carotid intima-media thickness in 
cross-sectional analysis of the Brazilian Longi-
tudinal Study of Adult Health (ELSA-Brasil). Nutr 
Metab Cardiovasc Dis 2016; 26: 915-921.

16)	 Liu J, Cui X, Wang D, Wu S, Xiong Y, Zhang S, 
Wu B, Liu M. Relationship of thyroid function with 
intracranial arterial stenosis and carotid athero-
matous plaques in ischemic stroke patients with 
euthyroidism. Oncotarget 2017; 8: 46532-46539. 

17)	 Gumieniak O, Perlstein TS, Hopkins PN, Brown 
NJ, Murphey LJ, Jeunemaitre X, Hollenberg NK, 
Williams GH. Thyroid function and blood pres-
sure homeostasis in euthyroid subjects. J Clin 
Endocrinol Metab 2004; 89: 3455-3461. 

18)	 Roos A, Bakker SJ, Links TP, Gans RO, Wolffen-
buttel BH. Thyroid function is associated with 
components of the metabolic syndrome in euthy-
roid subjects. J Clin Endocrinol Metab 2007; 92: 
491-496.

19)	 Fernández-Real JM, López-Bermejo A, Castro A, 
Casamitjana R, Ricart W. Thyroid function is in-
trinsically linked to insulin sensitivity and endo-
thelium-dependent vasodilation in healthy euthy-
roid subjects. J Clin Endocrinol Metab 2006; 91: 
3337-3343. 

20)	 Roef GL, Rietzschel ER, Van Daele CM, Taes 
YE, De Buyzere ML, Gillebert TC, Gillebert TC, 
Kaufman JM. Triiodothyronine and free thyroxine 
levels are differentially associated with metabol-
ic profile and adiposity-related cardiovascular risk 
markers in euthyroid middle-aged subjects. Thy-
roid 2014; 24: 223-231.

21)	 Lim MH, Cho YI, Jeong SK. Homocysteine and 
pulsatility index of cerebral arteries. Stroke 2009; 
40: 3216-3220. 

22)	 Johnston SC, O’Meara ES, Manolio TA, Lefkow-
itz D, O’Leary DH, Goldstein S, Carlson MC, Fried 
LP, Longstreth VT Jr. Cognitive impairment and 
decline are associated with carotid artery dis-
ease in patients without clinically evident cerebro-
vascular disease. Ann Intern Med 2004; 140: 237-
247.

23)	 Barnett HJM, Taylor DW, Haynes RB, Sackett DL, 
Peerless SJ, Ferguson GG, Fox AJ, Rankin RN, 
Hachinski VC, Wiebers DO, Eliasziw M. Benefi-
cial effect of carotid endarterectomy in symptom-
atic patients with high-grade carotid stenosis. N 
Engl J Med 1991; 325: 445-453.

24)	 Yadav JS, Wholey MH, Kuntz RE, Fayad P, Kat-
zen BT, Mishkel GJ, Bajwa TK, Whitlow P, Strick-
man NE, Jaff MR, Popma JJ, Snead DB, Cutlip 
DE, Firth BG, Ouriel K. Protected carotid-artery 
stenting versus endarterectomy in high-risk pa-
tients. N Engl J Med 2004; 351: 1493-1501.

25)	 Huang CC, Chen YH, Lin MS, Lin CH, Li HY, Chiu 
MJ, Chao CC, Wu YW, Chen YF, Lee JK, Wang 
MJ, Chen MF, Kao HL. Association of the recov-
ery of objective abnormal cerebral perfusion with 
neurocognitive improvement after carotid revas-
cularization. J Am Coll Cardiol 2013; 61: 2503-
2509.

26)	 Waring AC, Arnold AM, Newman AB, Bùzková P, 
Hirsch C, Cappola AR. Longitudinal changes in 
thyroid function in the oldest old and survival: the 
cardiovascular health study all-stars study. J Clin 
Endocrinol Metab 2012; 97: 3944-3950.   

27)	 Veldhuis JD. Changes in pituitary function with 
ageing and implications for patient care. Nat Rev 
Endocrinol 2013; 9: 205-215. 

28)	 Gussekloo J, van Exel E, de Craen AJ, Meinders 
AE, Frölich M, Westendorp RG. Thyroid status, 
disability and cognitive function, and survival in 
old age. JAMA 2004; 292: 2591-2599. 


