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Elevated thyroid autoantibodies and intracranial stenosis in
stroke at an early age
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Abstract

Background—Previous studies have shown that hyperthyroidism was related to Moyamoya

disease and intracranial artery stenosis. However, it is not clear whether thyroid hormone or

thyroid autoantibodies was associated with them.

Aims and/or hypothesis—Thyroid autoimmunity was previously shown to be associated with

Moyamoya disease. Our study aimed to investigate the association between thyroid autoantibodies

and intracranial large artery stenosis in young ischemic stroke patients with apparent euthyroid

states.

Methods—We retrospectively reviewed first-onset ischemic stroke patients (age ≤55 years old)

consecutively admitted to a single academic center. Intracranial large artery stenosis was defined

as ≥50% luminal diameter narrowing. We compared demographic profiles, risk factors (age,

hypertension, diabetes, current smoker, atrial fibrillation, hyperlipidemia), thyroid function test,

and thyroid autoantibodies including antithyroperoxidase antibody and antithyroglobulin antibody

between patients with and without intracranial large artery stenosis. We also performed

multivariate logistic regression analysis to evaluate the association between thyroid autoantibodies

and intracranial large artery stenosis.

Results—A total of 351 patients were analyzed. The mean age of the patients was 47.0 ± 7.7

(range, 10–55 years), and 252 (71.8%) patients were male. We identified intracranial large artery

stenosis in 121 (34.5%) patients. Patients with intracranial large artery stenosis showed a higher

frequency of elevated antithyroperpxidase antibody levels in comparison with nonintracranial

large artery stenosis group (16.5% vs. 3.9%, P < 0.001). After adjusting for covariates, the

presence of elevated antithyroperpxidase antibody levels (odds ratio: 5.318; 95% confidence

interval: 2.157–13.110, P < 0.001), age (odds ratio: 1.037; 95% confidence interval: 1.002–1.073,

P = 0.039), and atrial fibrillation (odds ratio: 0.091; 95% confidence interval: 0.011–0.756, P =

0.027) was independently associated with intracranial large artery stenosis.
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Conclusions—Thyroid autoantibodies may be associated with the presence of intracranial large

artery stenosis in young stroke patients, potentially providing insight on immune pathogenesis of

intracranial large artery stenosis.
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Introduction

Moyamoya syndrome (MMS) was categorized as a characteristic Moyamoya vasculopathy

with well-recognized associated conditions, whereas patients with no known associated risk

factors were categorized as having Moyamoya disease (MMD). MMS was an infrequent

complication of Graves' disease, typically affecting young women (1). Recently, a high

prevalence of thyroid autoantibodies was observed in a large population of Chinese pediatric

patients with MMD (2) and patients with adult-type MMD (3). Our recent study also

demonstrated that elevated thyroid antibody, especially antithyroperpxidase antibody (TPO-

Ab), was associated with the development of intracranial stenosis in hyperthyroid patients in

adult stroke patients (4). These findings suggest that thyroid autoimmunity may be

associated with MMD or intracranial artery stenosis. However, in some studies, thyroid

function studies were also significantly higher in patients with MMD than those non-MMD

patients, raising questions about pathogenesis and whether thyroid hormone as well as

thyroid autoantibodies was also associated with MMD. Excessive thyroid hormones are

considered harmful to the arterial wall due to alteration of cerebral hemodynamics and

increased sympathetic nervous system sensitivity. We sought to clarify the relationship

between thyroid autoantibodies and intracranial large artery stenosis (ILAS), focusing

attention on those young stroke patients with an apparent euthyroid state.

Material and Methods

Patient selection and grouping

Our study is a retrospective analysis of prospectively collected stroke registry. We analyzed

a consecutive series of patients with acute ischemic stroke admitted to our center from April

2010 to June 2012, excluding cases in our prior report. These patients were identified as (1)

having first-onset acute infarct with focal symptoms that lasted for >24 h, (2) observed

within seven-days of the onset of symptoms, (3) age ≤55 years old, and (4) with

comprehensive evaluation regarding stroke etiology including intracranial magnetic

resonance angiography (MRA) or computed tomography angiography (CTA) or digital

subtraction angiography (DSA). Exclusion criteria included (1) patients with an overt

history of hyperthyroidism or hyperthyroidism diagnosed during admission; (2) patients

with explicit secondary causes of ILAS, such as immunological, infectious, toxic, and other

causes; (3) patients with 50–99% stenosis of the extracranial carotid artery tandem to an

intracranial carotid or middle cerebral artery (MCA) stenosis; and (4) incomplete workups.

Our study was approved by the hospital ethics committee.
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Based on angiographic results, we divided the patients into two groups, including (1)

patients with ILAS defined as ≥50% stenosis of a major intracranial large artery and (2)

those without ILAS. Intracranial large arteries were assessed by at least one of the following

examinations: MRA, CTA, or DSA. Two neurologists (Z. S. and M. L.) blinded to the

clinical information and results of other diagnostic evaluations independently assessed

intracranial arterial status, with disagreements decided by consensus readings. The kappa

value for intraobserver agreements was 0.786. Intracranial large artery segments included

intracranial internal carotid artery (ICA), anterior cerebral artery (ACA, A1, and A2

segment), the stem or a major division of the MCA (M1, proximal M2 segment), posterior

cerebral artery (PCA), and basilar artery (BA) (5). ILAS was defined if there was a

reduction of ≥50% in luminal diameter of any of these arterial segments (5). The exact

degree of stenosis was measured by comparing the diameter of the vessel at the site of

stenosis (D stenosis) with the normal diameter of the vessel just distal to the stenosis (D

distal) using the following formula: % stenosis = [1 − (D stenosis/D distal)] × 100% (5). For

our research purposes, we identified ILAS patients according to the angiographic findings

regardless of its attribution to stroke. For example, a patient with ≥50% stenosis in the left

MCA who developed a lacunar infarction in the right corona radiata was also defined as

ILAS patient. MMD was diagnosed according to the guidelines of the Research Committee

on Spontaneous Occlusion of the Circle of Willis (6). ILAS included both MMD and

isolated stenosis of intracranial large artery in our study.

Assessment of clinical courses

We collected baseline demographic data; risk factors for ischemic stroke including

hypertension, diabetes mellitus, atrial fibrillation (AF), hyperlipidemia, and current smoking

status (a person who smoked at least one cigarette per day for the preceding three-months or

more) (7); admission blood pressure; and National Institutes of Health Stroke Scale (NIHSS)

score. Stroke subtypes were determined according to the Chinese ischemic stroke

subclassification (CISS) (8) which includes five categories: (1) large artery atherosclerosis

(LAA), including atherosclerosis of aortic arch and intra/extracranial large arteries; (2)

cardioembolic stroke; (3) penetrating artery disease; (4) other etiology; and (5)

undetermined etiology.

Laboratory tests included blood lipid profile, homocysteine (Hcy), and thyroid function

studies. At our center, we systematically evaluate thyroid function tests in acute ischemic

stroke patients for assessment of stroke pathogenesis. Thyroid hormones were measured

using commercialized radioimmunoassy kits. Elevated thyroid autoantibodies were

determined as either TPO-Ab > 34 U/ml or antithyroglobulin antibody (TG-Ab) > 115 U/ml

in accordance with the manufacturer's reference.

Statistical analysis

A sample size calculation was performed based on the assumption that the study was only

concerned with an increase in ILAS caused by TPO-Ab (i.e. one sided). It was determined

that more than 150 patients in each arm (a total of 300 patients) would be enough to provide

80% statistical power for odds ratio (OR) = 4. Fisher's exact test was used to compare

dichotomous variables, whereas independent samples two-tailed t-test or the Wilcoxon test
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was used for continuous variables. Variables with a P < 0.1 in univariate analyses were

included in the multivariate logistic regression models. All analyses were performed blinded

to participant identifying information. Statistical significance was set at a probability value

of <0.05. All statistical analysis was performed with spss package [14.0 (SPSS Inc.,

Chicago, IL, USA) for Windows (Microsoft Corporation, Redmond, WA, USA)].

Results

In total, 2304 patients with acute ischemic stroke were admitted to our center between April

2010 and June 2012. Among these, 396 patients were identified based on our inclusion

criteria. Forty-five patients were subsequently excluded as five patients had a history of

hyperthyroidism or had hyperthyroidism diagnosed during admission; 34 patients had

incomplete workups, and six patients had explicit secondary causes of ILAS including

intracranial metastases, neurosyphilis, radiation encephalopathy, and antiphospholipid

antibody syndrome. As a result, a total of 351 patients were included in this study. The age

of the study population ranged from 10 to 55 (47.0 ± 7.7) years old, and 252 (71.8%)

patients were men. NIHSS of the patients was 4.7 ± 4.7. Based on CISS criteria, 178

(50.7%) patients were classified as LAA, 26 (7.4%) cardioembolic stroke, 96 (27.4%)

penetrating artery disease, 19 (5.4%) other etiology, and 32 (9.1%) undetermined etiology.

Twenty-nine (8.3%) patients were noted to have elevated TPO-Ab and 14 (4.0%) patients

with elevated TG-Ab. Intracranial large arteries were assessed by MRA in 315 (90%)

patients, CTA in 24 (7%) patients, and DSA in 12 (3%) patients. There were no significant

differences in these modalities between ILAS and non-ILAS patients (P = 0.182) and

between elevated TPO-Ab and normal TPO-Ab patients (P = 0.383). ILAS was noted in 121

(34.5%) patients. Of these, 11 (9.1%) patients were diagnosed as MMD; 10 (8.3%), 40

(33.1%), 2 (1.7%), 13 (10.7%), 4 (3.3%) patients had stenosis of ICA, MCA, ACA, PCA,

and BA; and 41 (33.9%) patients had stenosis of multiple arteries (≥2 arteries), respectively.

Concerning the grade of stenotic arteries, 26 (21.4%) patients had 50–69% stenosis, 57

(47.1%) patients with 70–99% stenosis, and 38 (31.4%, including 11 MMD) patients with

complete occlusion.

Demographic characteristics of our study population are shown in Table 1.

ILAS patients had lower prevalence of AF (P = 0.04) and were older (P = 0.058) compared

with non-ILAS patients. Elevated thyroid autoantibodies (TPO-Ab) were observed more

frequently in the ILAS cohort than in non-ILAS subjects (16.5% vs. 3.9%, P < 0.001). The

level of free T3 was lower in ILAS patients than in non-ILAS patients (P = 0.050); however,

the mean value of h-TSH, T3, T4, free T3, and T4 was all within the normal or euthyroid

reference range.

Multiple logistic regression analyses were performed to further evaluate the independent

contributing factors to ILAS. The presence of elevated TPO-Ab levels (OR: 5.318; 95% CI:

2.157–13.110, P < 0.001), age (OR: 1.037; 95% CI: 1.002–1.073, P = 0.039), and AF (OR:

0.091; 95% CI: 0.011–0.756, P = 0.027) was independently associated with ILAS (Table 2).

There was a significant relationship between the presence of elevated TG-Ab and TPO-Ab
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(r = 0.468, P = 0.000). The presence of elevated TPO-Ab level was not independently

associated with ILAS (OR: 2.804, 95% CI 0.931–8.443, P = 0.067) when excluding the

presence of elevated TPO-Ab levels. Three of 11 MMD patients had elevated TPO-Ab.

After excluding those MMD patients, the presence of elevated TPO-Ab (OR: 5.395, P <

0.001), age (OR: 1.037, P = 0.039), and AF (OR: 0.102, P = 0.035) was still independently

associated with ILAS.

Table 3 shows that more female patients had elevated TPO-Ab (48.3% vs. 26.4%, P =

0.017), in comparison with the normal TPO-Ab group. Elevated TG-Ab level existed more

frequently in patients with elevated TPO-Ab (34.5% vs. 1.2%, P < 0.001). FT4 levels were

lower in patients with elevated TPO-Ab but within the reference range. Patients with

elevated TPO-Ab demonstrate higher frequency of ILAS (69.0% vs. 31.4%, P < 0.001) and

mainly had stenosis of MCA and PCA. The grade of stenosis in patients with elevated TPO-

Ab was severer than those with normal TPO-Ab. However, after excluding the non-ILAS

subjects, there is no significant difference with the grade of stenosis between patients with

elevated TPO-Ab (n = 20) and normal TPO-Ab (n = 101) (P = 0.154).

Discussion

In the general population, the prevalence of elevated TPO-Ab level ranges 3.4–13.4% (9–

12). In this study, we found 16.5% of the young ILAS stroke patients exhibited elevated

TPO-Ab level, with 3.9% in non-ILAS patients. Our study also demonstrated an

independent association of elevated TPO-Ab level with ILAS in young stroke patients with

normal thyroid function. These findings suggest that thyroid autoimmunity, especially TPO-

Ab, may be related to the presence of ILAS in stroke patients with apparent euthyroid state.

Intracranial LAA research has recently been enriched by new pathogenetic concepts

targeting inflammatory and infectious risk factors, and the potential role of the immune

system in atherogenesis has also been explored. Recent studies have elucidated the

association between intracranial atherosclerosis and C. pneumoniae IgG (13),

immunoreactivity against heat-shock proteins (14), CD40/CD154 system (15), and

proinflammatory cytokines. Our finding of an independent relationship between elevated

TPO-Ab and ILAS draws attention to the potential immune pathogenesis of intracranial

atherosclerosis. Our results suggest a new risk for stenosis focusing on immunity in young

age group and indicate a need for evaluation of the intracranial vasculature in young,

euthyroid individuals when their thyroid autoantibodies, particularly TPO-Ab, are elevated.

Interestingly, in a previous case report, intracranial stenoses have been noted in autoimmune

Graves' disease, with reversibility after high-dose methylprednisolone therapy and

plasmapheresis (16). Plasmapheresis has also been suggested for the stabilization of MMD

with hyperthyroidism (17). This consideration suggests a novel potential treatment for ILAS

in euthyroid patients yet requires future prospective analyses for confirmation.

The actual mechanisms of TPO-Ab immune pathogenesis in intracranial atherosclerosis

have not been elucidated. TPO-Ab level was found negatively correlated with endothelium-

mediated arterial dilation in autoimmune thyroiditis with euthyroidism (18), which plays an

important role in atherogenesis. In our study, we did not find the independent effect of
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elevated TG-Ab on ILAS. These two autoantibodies arise independently in response to TG

and TPO. Unlike TG-Ab, TPO-Ab was able to damage thyrocytes by an antibody-dependent

cytotoxic mechanism and has long been known to be associated with lymphocytic

infiltration of the thyroid gland (19). Our finding that lower FT4 levels were observed in

patients with elevated TPO-Ab, though within the reference, potentially reflects the presence

of thyroid cell damage. Moreover, in autoimmune thyroiditis, T cells from patients with a

high TPO-Ab titer had significantly higher percentages of cells producing interferon (IFN)-γ

compared with healthy donors, which suggests that high TPO-Ab titer correlates with

increased frequencies of T cells producing Th/Tc1 cytokines (20,21). Previous studies have

shown that there were abundant T cells in lesions of atherosclerosis, whereas inappropriate

secretion of IFN-γ from Th1 cells is an important event in the development of

atherosclerosis and plaque rupture (22). Therefore, further study may be needed to clarify

the possible effect of T cells on the relationship between TPO-Ab and the pathogenesis of

atherosclerosis in euthyroidism patients.

Age-related linear increases in systolic blood pressure, pulse pressure, as well as the early

rise and late fall from age 50 to 60 years in diastolic blood pressure, are consistent with

increased large artery stiffness (23). Increased arterial stiffness among hypertensive Chinese

was independently associated with intracranial large artery disease, including stenosis and

calcification (24). Moreover, diabetes mellitus was also found more frequently in older

individuals (age ≥55 years) (25). Therefore, in our study, in order to reduce the influence of

age-related risk factors on ILAS, we focused on young ischemic stroke patients aged ≤55

years old. Previous studies have reported that low high-density lipoprotein cholesterol, male

gender, smoking, hypertension, and hyperhomocystinemia were the main risk factors of

intracranial stenosis in young patients (26,27); however, we only found age and the presence

of elevated TPO-Ab as predictors of ILAS.

In this study, we found more women in patients with elevated TPO-Ab, which is consistent

with a prior study that revealed a clear female preponderance with high prevalence of TPO-

Ab in the general population (9–12). The female : male ratio ranged from 1.8 to 4.4:1 in

those studies, whereas it was 2.4:1 in our analyses. Monoclonal antibodies specific to

estrogen receptors and progesterone receptors were found present in the human thyroid

gland (28). Thus, there may be relevance between thyroid autoimmunity and sex hormone

receptors. We also found that ILAS patients had low rate of AF in our study. Increases in

cerebral atherosclerosis were found according to CHADS2 scores in patients with stroke

with nonvalvular AF recently (29). However, we only recruited young patients aged ≤55

years old, and most of the AF patients had history of rhematic valvular disease, with lower

prevalence of hypertension and diabetes. Thus, the decreased frequency of AF in ILAS

patients may be explained by the absence of concomitant risk factors of artery

atherosclerosis.

Our study limitations include the retrospective nature of our analyses, limited to a single

academic institution. Multicenter studies are needed to validate our findings. Thyroid

autoantibodies were not serially measured, and the imaging was performed in the setting of

recent ischemia, whereas ILAS may have progressed over time. Prospective studies are

needed to follow up the changes of intracranial large artery in patients with elevated thyroid
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autoantibodies. Furthermore, patients with mild intracranial artery stenosis (<50%) were

excluded, because patients with ILAS were defined as ≥50% stenosis of a major intracranial

large artery according to previous criteria. This might underestimate the incidence of

intracranial stenosis. Future study is needed to compare the relationship between serial

imaging of those mild stenosis and thyroid autoantibodies.

In conclusion, our results indicate an independent association of elevated TPO-Ab level and

ILAS in young stroke patients with euthyroid status. Our findings warrant further studies

investigating the role of immune aberrancies in the pathogenesis of ILAS.

Acknowledgments

Contributors: Z. S. and M. L. designed the study. Z. S., X. Z., Z. C., and M. L. participated in the data collection
and extraction. Z. S. did the statistical analysis with guidance from Z. C. and M. L. Z. S. wrote the first draft of the
report, and M. L. and D. S. L. did the major revision. All other authors commented on the draft and approved the
final version. We thank Dr. Yihong Zhu for the help with the statistical analysis.

Funding: Dr. Lou is supported by grants from Zhejiang Provincial Natural Science Foundation of China [grant
number LR12H09001]; the National Natural Science Foundation of China [grant number 81171095]; and the
Health Bureau of Zhejiang Province [grant number WKJ2010-2-010].

Ethics approval: Institutional Review Board, The 2nd Affiliated Hospital of Zhejiang University, School of
Medicine, Hangzhou, China.

References

1. Scott RM, Smith ER. Moyamoya disease and moyamoya syndrome. N Engl J Med. 2009;
360:1226–37. [PubMed: 19297575]

2. Li H, Zhang ZS, Dong ZN, et al. Increased thyroid function and elevated thyroid autoantibodies in
pediatric patients with moyamoya disease. Stroke. 2011; 42:1138–9. [PubMed: 21350209]

3. Kim SJ, Heo KG, Shin HY, et al. Association of thyroid autoantibodies with moyamoya-type
cerebrovascular disease: a prospective study. Stroke. 2009; 41:173–6. [PubMed: 19926842]

4. Zhang X, Chen Z, Shi Z, et al. Correlation between thyroid autoanti-bodies and intracranial arterial
stenosis in stroke patients with hyper-thyroidism. J Neurol Sci. 2012; 318:82–4. [PubMed:
22520094]

5. Chimowitz MI, Kokkinos J, Strong J, et al. The warfarin-aspirin symptomatic intracranial disease
study. Neurology. 1995; 45:1488–93. [PubMed: 7644046]

6. Burke GM, Burke AM, Sherma AK, et al. Moyamoya disease: a summary. Neurosurg Focus. 2009;
26:E11. [PubMed: 19335127]

7. You RX, McNeil JJ, O'Malley HM, et al. Risk factors for stroke due to cerebral infarction in young
adults. Stroke. 1997; 28:1913–8. [PubMed: 9341695]

8. Gao S, Wang YJ, Xu AD, et al. Chinese ischemic stroke subclassification. Front Neurol. 2011; 2:6–
11. [PubMed: 21427797]

9. Kabelitz M, Liesenkotter KP, Stach B, et al. The prevalence of antithyroid peroxidase antibodies
and autoimmune thyroiditis in children and adolescents in an iodine replete area. Eur J Endocrinol.
2003; 148:301–7. [PubMed: 12611610]

10. Hollowell JG, Staehling NW, Flanders WD, et al. Serum TSH, t4, and thyroid antibodies in the
United States population (1988 to 1994): National Health and Nutrition Examination Survey
(NHANES iii). J Clin Endocrinol Metab. 2002; 87:489–99. [PubMed: 11836274]

11. Kasagi K, Takahashi N, Inoue G, et al. Thyroid function in Japanese adults as assessed by a
general health checkup system in relation with thyroid-related antibodies and other clinical
parameters. Thyroid. 2009; 19:937–44. [PubMed: 19678737]

Shi et al. Page 7

Int J Stroke. Author manuscript; available in PMC 2015 February 01.

N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript



12. Li Y, Teng D, Shan Z, et al. Antithyroperoxidase and antithyroglobulin antibodies in a five-year
follow-up survey of populations with different iodine intakes. J Clin Endocrinol Metab. 2008;
93:1751–7. [PubMed: 18270254]

13. Bandaru VC, Boddu DB, Laxmi V, et al. Seroprevalence of Chlamydia Pneumoniae antibodies in
stroke in young. Can J Neurol. 2009; 36:725–30.

14. Knoflach M, Kiechl S, Kind M, et al. Cardiovascular risk factors and atherosclerosis in young
males. ARMY study (atherosclerosis risk-factors in male youngsters). Circulation. 2003;
108:1064–9. [PubMed: 12952827]

15. Garlichs CD, Cicha I, Raaz D, et al. CD40/CD154 system and pro-inflammatory cytokines in
young healthy male smokers without additional risk factors for atherosclerosis. Inflamm. 2009;
58:306–11.

16. Utku U, Asil T, Celik Y, Tucer D. Reversible MR angiographic findings in a patient with
autoimmune Graves Disease. AJNR Am J Neuroradiol. 2004; 25:1541–43. [PubMed: 15502134]

17. Malik S, Russman AN, Katramados AM, et al. Moyamoya syndrome associated with Graves'
Disease: a case report and review of the literature. J Stroke Cerebrovasc Dis. 2011; 20:528–36.
[PubMed: 21130668]

18. Xiang GD, He YS, Zhao LS, et al. Impairment of endothelium-dependent arterial dilation in
Hashimoto's thyroiditis patients with euthyroidism. Clin Endocrinol (Oxf). 2006; 64:698–702.
[PubMed: 16712674]

19. McLachlan SM, Rapoport B. Why measure thyroglobulin autoanti-bodies rather than thyroid
peroxidase autoantibodies? Thyroid. 2004; 14:510–20. [PubMed: 15307940]

20. Laurat E, Poirier B, Tupin E, et al. In vivo downregulation of T helper cell 1 immune responses
reduces atherogenesis in apolipoprotein e-knockout mice. Circulation. 2001; 104:197–202.
[PubMed: 11447086]

21. Karanikas G, Schuetz M, Wahl K, et al. Relation of anti-TPO autoantibody titre and T-lymphocyte
cytokine production patterns in Hashimoto's thyroiditis. Clin Endocrinol. 2005; 63:191–6.

22. Haraba R, Antohe F. T cells are active participants in the progression of atherosclerotic plaques.
Dig J. 2011; 6:1529–34.

23. Franklin SS, Gustin W, Wong ND, et al. Hemodynamic patterns of age-related changes in blood
pressure. Circulation. 1997; 96:308–15. [PubMed: 9236450]

24. Zhang J, Li Y, Wang Y, et al. Arterial stiffness and asymptomatic intracranial large arterial
stenosis and calcification in hypertensive Chinese. Am J Hypertens. 2011; 24:304–9. [PubMed:
21164493]

25. National Collaborating Centre for Chronic Conditions (UK). Type 2 Diabetes: National Clinical
Guideline for Management in Primary and Secondary Care (Update). Royal College of Physicians
(UK); London: 2008. (NICE Clinical Guidelines, No. 66.) Available at http://
www.ncbi.nlm.nih.gov/books/NBK53885/ [accessed 13 August 2013]

26. Albucher JF, Ferrieres J, Ruidavets JB, et al. Serum lipids in young patients with ischaemic stroke:
a case-control study. J Neurol Neurosurg Psychiatry. 2000; 69:29–33. [PubMed: 10864600]

27. Tan NC, Venketasubramanian N, Saw SM, et al. Hyperhomocystinemia and risk of ischemic
stroke among young Asian adults. Stroke. 2002; 33:1956–62. [PubMed: 12154245]

28. Money SR, Muss W, Thelmo WL, et al. Immunocytochemical localization of estrogen and
progesterone receptors in human thyroid. Surgery. 1989; 106:975–8. [PubMed: 2686061]

29. Kim YD, Cha MJ, Kim J, et al. Increases in cerebral atherosclerosis according to chads2 scores in
patients with stroke with nonvalvular atrial fibrillation. Stroke. 2011; 42:930–4. [PubMed:
21350200]

Shi et al. Page 8

Int J Stroke. Author manuscript; available in PMC 2015 February 01.

N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript

http://www.ncbi.nlm.nih.gov/books/NBK53885/
http://www.ncbi.nlm.nih.gov/books/NBK53885/


N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript

Shi et al. Page 9

Table 1

Baseline characteristics, thyroid function test, and prevalence of thyroid autoantibodies in stroke patients with

and without ILAS

ILAS (n = 121) Non-ILAS (n = 230) P value

Age, years 48.1 ± 7.1 46.5 ± 8.0 0.058

Female, n (%) 37 (30.6) 62 (27.0) 0.474

History

 Hypertension, n (%) 70 (57.9) 123 (53.5) 0.434

 Diabetes, n (%) 27 (22.3) 48 (20.9) 0.754

 Hyperlipidemia, n (%) 36 (29.8) 72 (31.3) 0.765

 Current smoker, n (%) 43 (35.5) 103 (44.8) 0.095

 Atrial fibrillation, n (%) 1 (0.8) 13 (5.7) 0.040*

Chinese ischemic stroke subclassification 0.000
†

 LAA, n (%) 104 (86.0) 74 (32.2)

 Cardiogenic stroke, n (%) 1 (0.8) 25 (10.9)

 Penetrating artery disease, n (%) 4 (3.3) 92 (40)

 Other etiology, n (%) 11 (9.1) 8 (3.5)

 Undetermined etiology, n (%) 1 (0.8) 31 (13.5)

NIHSS 5.2 ± 5.6 4.4 ± 4.2 0.151

Blood pressure at admission

 Systolic blood pressure, mmHg 143.9 ± 25.1 149.1 ± 25.6 0.070

 Diastolic blood pressure, mmHg 89.6 ± 15.2 88.5 ± 14.6 0.536

Blood lipid profile

 Triglycerides, mMol/l 1.71 ± 0.91 1.95 ± 1.32 0.489

 Total Cholesterol, mMol/l 4.56 ± 1.04 4.41 ± 0.93 0.071

 Low.density lipoprotein cholesterol, mMol/l 2.89 ± 0.78 2.80 ± 0.80 0.359

Homocysteine, umoI/I 15.67 ± 9.95 14.51 ± 8.72 0.271

Thyroid function test

 TT3, pM0l/l 1.52 ± 0.37 1.6 ± 0.38 0.072

 FT3, pMol/l 4.30 ± 0.69 4.45 ± 0.72 0.050

 TT4, nMol/l 108.76 ± 21.2 108.49 ± 19.28 0.905

 FT4, pMol/l 15.26 ± 2.37 15.30 ± 2.05 0.895

 h.TSH, mlU/ml 1.87 ± 1.57 2.15 ± 1.46 0.095

Thyroid autoantibodies

 Persons with elevated TG-Ab, n (%) 8 (6.6) 6 (2.6) 0.086

 Persons with elevated TPO-Ab, n (%) 20 (16.5) 9 (3.9) 0.000
†

Data presented as mean ± SD or percentage. ILAS, intracranial large artery stenosis; LAA, large artery atherosclerosis; NIHSS, National Institutes
of Health Stroke Scale; TG-Ab, antithyroglobulin antibody; TPO-Ab, antithyroperoxidase antibody; SD, standard deviation.

*
P < 0.05;

†
P < 0.01.
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Table 2

Independent influencing factors for ILAS

Factors OR EXP(B) 95% CI P value

Presence of elevated TPO-Ab 5.318 2.157–13.110 <0.001

Age 1.037 1.002–1.073 0.039

Atrial fibrillation 0.091 0.011–0.756 0.027

Adjusting for age, gender, history of diabetes mellitus, hypertension, atrial fibrillation, total glycerin, total cholesterol, low-density lipoprotein
cholesterol, homocysteine and thyroid function test. ILAS, intracranial large artery stenosis; TPO-Ab, antithyroperoxidase antibody; OR, odds
ratio; EXP (B), exponentiation of the B coefficient, which is an odds ratio; CI, confidence interval.
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Table 3

Comparison of patients with and without elevated TPO-Ab levels

TPO-Ab (+) (n = 29) TPO-Ab (−) (n = 322) P

Age, years 46.5 ± 7.8 47.1 ± 7.7 0.686

Female, n (%) 14 (48.3) 85 (26.4) 0.017*

Risk factors

 Hypertension, n (%) 13 (44.8) 180 (55.9) 0.251

 Diabetes, n (%) 5 (17.2) 70 (21.7) 0.571

 Hyperlipidemia, n (%) 5 (17.2) 103 (32.0) 0.099

 Current smoker, n (%) 11 (37.9) 135 (41.9) 0.676

 Atrial Fibrillation, n (%) 1 (3.4) 14 (4.0) 1.000

Blood lipid

 Total Glycerin, mMol/l 1.73 ± 1.24 1.88 ± 1.19 0.835

 Total Cholesterol, mMol/l 4.57 ± 0.96 4.45 ± 0.97 0.337

 LDL cholesterol, mMol/l 2.88 ± 0.74 2.83 ± 0.80 0.239

Homocysteine, umoI/I 15.51 ± 9.54 14.87 ± 9.16 0.602

ILAS, n (%) 20 (69.0) 101 (31.4) 0.000
†

Stenotic artery of ILAS, n (%) 0.000
†

 ICA 0 10 (3.1)

 ACA 0 2 (0.6)

 MCA 6 (20.7) 34 (10.6)

 PCA 4 (13.8) 9 (2.8)

 BA 0 4 (1.2)

 MMD 3 (10.3) 8 (2.5)

 Multiple arteries (≥2 arteries) 7 (24.1) 34 (10.6)

Percentage stenosis of affected artery 0.000
†

 <50% 9 (31.0) 221 (68.6)

 50–69%. 7 (24.1) 19 (5.9)

 70–99%. 6 (20.7) 51 (15.8)

 100% (include MMD) 7 (24.1) 31 (9.6)

Thyroid Function Test

 TT3, pMol/l 1.65 ± 0.33 1.58 ± 0.38 0.316

 FT3, pMol/l 4.39 ± 0.68 4.40 ± 0.72 0.940

 TT4, nMol/l 108.0 ± 15.4 108.6 ± 20.3 0.859

 FT4, pMol/l 14.41 ± 2.33 15.34 ± 2.13 0.022*

 h.TSh, mlU/ml 2.45 ± 1.85 2.02 ± 1.46 0.139

Thyroid autoantibodies

 Persons with elevated TG-Ab, n (%) 10 (34.5) 4 (1.2) 0.000
†

Data presented as mean ± SD or percentage. TPO-Ab (+) and (−) indicate patients with and without elevated TPO-Ab levels, respectively. TPO-
Ab, antithyroperoxidase antibody; LDL, low-density lipoprotein; ILAS, intracranial large artery stenosis; ICA, internal carotid artery; ACA,
anterior cerebral artery; MCA, middle cerebral artery; PCA, posterior cerebral artery; BA, basilar artery; MMD, Moyamoya disease; SD, standard
deviation.
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*
P < 0.05;

†
P < 0.01.
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