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Abstract OBJECTIVE: Thyroid function may be useful prognostic predictor of acute 
ischemic stroke. However, the relationship between thyroid function and stroke 
prognosis remains controversial. We aimed to explore the correlation between 
thyroid function at admission and 90-day functional outcome in patients with 
acute ischemic stroke. 
METHODS: Our data were collected from patients with AIS (acute ischemic stroke) 
registered in the Stroke Center of Jiangsu Provincial Hospital of Chinese Medicine 
from January 2021 to July 2021.The outcome was divided into good outcome 
as mRS (Modified Rankin Scale) score <3, poor outcome as mRS≥3 (including 
hemorrhage, recurrence, and death within 90 days after stroke).Univariate, multi-
variate logistic regression analysis, tertile analysis and subgroup analysis were 
used to evaluate the relationship between TSH (Thyroid-stimulating hormone), 
FT3 (Free Triiodothyronine), FT4 (Free thyroxine) and 90-day outcome. 
RESULTS: 699 patients with AIS were included in this study. In univariate analysis, 
FT3 was negatively correlated with poor outcome of AIS patients at 90-day, TSH 
was not statistically correlated with 90-day outcome. Multivariate analysis showed 
that FT3 was negatively correlated poor outcome of AIS patients at 90-day. After 
adjusting for potential confounders, TSH was negatively correlated with poor 
outcome. Participants were categorized based on the tertile cut-off points of FT3 
and TSH. With the increase of TSH value, the incidence of poor outcomes in Q3 
was 0.57 times higher than that of Q1. Similarly, with the increase of FT3 value, the 
incidence of poor outcomes in Q3 is 0.3 times than that of Q1. 
CONCLUSIONS: FT3 and TSH were negatively correlated with poor 90-day 
outcome in patients with AIS. Measurement of thyroid function on admission 
may provide independent prognostic information for 90-day outcome of AIS. 
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INTRODUCTION
Ischemic stroke is one of the leading causes of death 
and disability in the world (Saini et al. 2021). Previous 
studies have shown that dysfunction of the hypotha-
lamic-pituitary-thyroid (HPT) axis is a risk factor 
and affects the outcome of acute ischemic stroke 
(Talhada et  al. 2019; Zhang et al. 2019; Wang et al. 
2017b; Alevizaki et al. 2006). Hypothyroidism can 
lead to  hypertension, hypercholesterolemia, cardiac 
dysfunction, and hypercoagulability, which are risk 
factors for acute ischemic stroke. Hyperthyroidism is 
also associated with atrial fibrillation (Zubair Khan 
et al. 2021; Ellervik et al. 2019; Selmer et al. 2012; Auer 
et al. 2001), a common cause of cardiogenic stroke 
(Suzuki et al. 2021; Singer et al. 2021; Schattner 2019; 
Jaakkola et al. 2016). There is a complex relationship 
between thyroid hormone and function outcome 
of  acute ischemic stroke. Current data suggest that 
low FT3 level is associated with more severe stroke, 
higher mortality, and worse functional outcomes 
(Zhang et al. 2019; Lamba et al. 2018; Wang et al. 
2017b). However, these studies reported conflicting 
results on the association between TSH level and func-
tional outcomes of acute ischemic stroke (Suda et al. 
2016; Leonards et al. 2014). The relationship between 
TSH level and stroke prognosis is unclear, and few 
studies focus on the combined value of TSH, FT3 and 
FT4 in predicting the outcome of ischemic stroke. 
Therefore, this study investigated the relationship 
between thyroid hormone levels (FT3, FT4, and TSH) 
on admission and 90-day outcomes in China patients 
with acute ischemic stroke. 

MATERIAL AND METHODS
Date Collection
Our data were from the Stroke Center Registry 
database of Jiangsu Provincial Hospital of Chinese 
Medicine between January 2021 and July 2021, 
approved by the Institutional Research Review Board 
of the Affiliated Hospital of Nanjing University 
of  Chinese Medicine in following the Declaration 
of Helsinki.

Patients
The database included 564 patients with AIS in 
this retrospective study from January 2021 to July 
2021. All patients visited to the hospital within 
24 hours of the onset of symptoms. All of them met 
the diagnostic criteria of “Guidelines for diagnosis 
and treatment of acute ischemic stroke in China 
2018” and were confirmed by magnetic resonance 
imaging (MRI). Exclusion criteria were as follows: 
(1) diagnosed as hemorrhagic cerebral infarction; 
(2) pre-existing thyroid glands diseases, anti-thyroid 
medications, or diseases that might affect thyroid 
function; (3) pregnant women, or had a history 

of  malignant tumors; (4) could not complete the 
thyroid function test within 24 hours of admission; 
(5) aged < 18 years; (6) were lost to follow-up within 
90 days. (Fig1)

Clinical assessment
Baseline admission information of patients was 
collected as follows: age, sex, medical history (hyper-
tension, diabetes, hyperlipidemia, atrial fibrillation, 
coronary heart disease, stroke or transient isch-
emic attack, tumour, renal insufficiency, smoking, 
drinking), National Institutes of Health Stroke Scale 
(NIHSS) score, Modified Ranking Scale (mRS), 
thrombolysis or thrombectomy, and treatment during 
hospitalization and after discharge(antiplatelet, anti-
coagulation, lipid-lowering, hypoglycemic and anti-
hypertension).Venous blood samples were collected 
from all participants within 24 hours after admission. 
Free triiodothyronine (FT3), free thyroxine (FT4), and 
thyroid stimulating hormone (TSH) levels were deter-
mined for each patient by electrochemiluminescence 
immunoassay. Reference ranges for FT4 were 0.59-
1.25ng/dl , for FT3 were 2.5-3.9pg/ml, and for TSH 
were 0.56-5.91uIU/ml.

Follow-up and outcomes
The patients' follow-up information was obtained 
through a semiquantitative phone interview 
90  days after onset of AIS . The phone interviews 
were conducted by two postgraduates who trained 
and certified for data collection. Guardians were 
contacted if patients died or could not cooperate with 
the inquiry. Functional outcomes of patients were 
evaluated and divided into good outcome and poor 
outcome according to the mRS scale. Good outcome 
was defined as mRS<3, and poor outcome was defined 
as mRS≥3 (including hemorrhage, recurrence, and 
death within 90 days after stroke).

Statistical analysis
Participants were dichotomized based on mRS scores. 
Continuous variables are expressed as median (inter-
quartile range). Differences in continuous variables 
between groups were compared by Student's t-test 
or Mann-Whitney U test. Categorical variables were 
expressed as proportions and analyzed using the χ test 
or Fisher's exact test. The association between thyroid 
hormones and clinical outcomes was tested by univar-
iate logistic analysis. The clinically important factors 
were input into multivariate logistic analysis. We 
selected covariates a priori based on clinical signs and 
studies from other literature suggesting that they may 
confound the association between thyroid function 
profile and AIS prognosis. In addition, we performed 
a logistic subgroup analysis. All statistical analyses 
were performed with the statistical software packages R 
(http://www.R-project.org, The R Foundation) and Free 
Statistics software versions 1.4.
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699 patients were enrolled between 
January 1.2021 and July 31.2021.

622 patients were 
included

564 patients remained for analysis 

Good outcome,
mRS <3 (n=373).

Poor outcome, 
mRS≥3  (n=191)

history of malignant tumor (n=54) 
infection within two weeks before 

admission (n=20) 
hemorrhagic cerebral infarction 

(n=3)

lost follow-up data (n=58)

RESULTS
Patient Characteristics
699 patients were admitted to the stroke centre 
of Jiangsu Provincial Hospital of Chinese Medicine, and 
135 patients were excluded because of history of malig-
nant tumor (n=54), infection within two weeks before 
admission (n=20), hemorrhagic cerebral infarction 
(n=3), or without follow-up data (n=58). Finally, 564 
patients remained for analysis. A flowchart of patients’ 
enrollment is shown in Figure 1. 

Baseline demographic, clinical and laboratory char-
acteristics of the study population were listed in Table 1. 
The average age of the patients was 69.0 (60.0, 77.0) years 
old, and 64.7% of them were male. On admission, the 
median baseline NIHSS score was 2 points (IQR 1-4). 
Good outcome was observed in 373 patients (66.13%), 
and poor outcome was observed in 191  patients 
(33.87%). Significant differences between the patients 
with good outcome and poor outcome are described 
as follows: age (p<0.01), gender (p<0.01), AF (Atrial 
Fibrillation) (p<0.01), smoking history (p<0.01), NIHSS 
(p<0.01), Hypoglycemics (p<0.01), FT3 (p<0.01), FT4 
(p<0.01), and TSH (p<0.05). Compared to the patients 
with favorable outcome, the patients with unfavorable 
outcome possessed lower levels of TSH and FT3. TSH 
median 1.7 (1.1-2.7), FT3 median 2.8 (2.5-3.1), FT4 
median 1.0 (0.8-1.1).

Relationship Between thyroid function and 90-day 
outcome in AIS Patients
As shown in Table 2, by univariate logistic regression 
analysis, we found that FT3 was negatively correlated 
with the poor outcome in AIS patients (OR=0.28, 
95%CI: 0.15-0.52, p<0.001), and FT4 was positively 

correlated with poor outcome in AIS patients (OR=4.46, 
95CI: 1.52-13.08, p<0.01). TSH was not found to be 
significantly associated with poor outcome in AIS 
patients (OR=0.85, 95%CI:0.7- 1.02, p>0.05). Then, 
multivariate logistic regression analysis was performed 
after adjusting potential confounders (including age, 
sex, coronary heart disease, hypertension, DM, history 
of alcohol use, history of smoking). It was found that 
FT3 showed more significant negatively correlation 
with poor outcome (OR=0.46, 95%CI: 0.23-0.9, p<0.05). 
TSH also showed significant negative correlation with 
poor outcome in AIS patients (OR=0.81, 95%CI: 0.67-
0.97, p<0.05).

Tertile analysis 
We divided TSH and FT3 values into three groups using 
a triquantile analysis. As shown in Table 3, TSH values 
in Q1/Q2/Q3 were ranked from low to high, Q1group 
was the lowest and Q3 group was the highest. The OR 
values of Q1 and Q3 groups were 1 and 0.57 respectively, 
and Q3 group is 0.57 times than that of Q1.With the 
increase of TSH value, the incidence of poor outcomes 
in Q1 group was 0.57 times than that of Q3 group. The 
value of FT3 in Q3 group was 0.3 times than that of Q1 
group. With the increase of FT3 value, the incidence 
of poor outcomes in Q3 group was 0.3 times than that 
of Q1 group (Table 4).

Subgroup analysis
Subgroup analysis showed that TSH level was signifi-
cantly different between male and female patients, and 
patients with hyperlipidemia (Table 5). FT3 level was 
significantly different in male and female patients, and 
patients with hypertension, diabetes, elderly, hyperlip-
idemia, without thrombolysis, coronary heart disease 

Fig. 1. Flow chart. A 
flowchart of patients 
enrollment
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Tab. 1. Characteristics of patients

Variables Total (n = 564) 0 (n = 494) 1 (n = 70) p

Age, Median (IQR) 69.0(60.0,77.0) 67.5(59.0,76.0) 78.5(70.0,85.0) <0.001

Gender 0.004

Men 365 (64.7) 331 (67) 34 (48.6)

Women 199 (35.3) 163 (33) 36 (51.4)

TSH, Median (IQR) 1.7 (1.1, 2.7) 1.8 (1.2, 2.8) 1.5 (0.8, 2.5) 0.024

FT3, Median (IQR) 2.8 (2.5, 3.1) 2.8 (2.6, 3.1) 2.6 (2.3, 2.9) < 0.001

FT4, Median (IQR) 1.0 (0.8, 1.1) 0.9 (0.8, 1.1) 1.0 (0.9, 1.1) < 0.001

Coronary Heart disease,n% 0.845

YES 104 (18.4) 90 (18.2) 14 (20)

NO 460 (81.6) 404 (81.8) 56 (80)

Hypertension, n (%) 0.741

YES 422 (74.8) 368 (74.5) 54 (77.1)

NO 142 (25.2) 126 (25.5) 16 (22.9)

Diabetes mellitus,n(%) 0.112

YES 221 (39.2) 187 (37.9) 34 (48.6)

NO 343 (60.8) 307 (62.1) 36 (51.4)

Atrial Fibrillation,n% <0.001

YES 60 (10.6) 44 (8.9) 16 (22.9)

NO 504 (89.4) 450 (91.1) 54 (77.1)

Hyperlipidemia, n (%) 1

YES 534 (94.7) 467 (94.5) 67 (95.7)

NO 30 ( 5.3) 27 (5.5) 3 (4.3)

History of tumour, n (%) 0.4

YES 53 ( 9.4) 44 (8.9) 9 (12.9)

NO 511 (90.6) 450 (91.1) 61 (87.1)

Renal insufficiency, n (%) 0.423

YES 35 ( 6.2) 29 (5.9) 6 (8.6)

NO 529 (93.8) 465 (94.1) 64 (91.4)

History of drinking, n (%) 0.038

YES 103 (18.3) 97 (19.6) 6 (8.6)

NO 461 (81.7) 397 (80.4) 64 (91.4)

History of Smoking, n (%) 0.001

YES 161 (28.5) 153 (31) 8 (11.4)

NO 403 (71.5) 341 (69) 62 (88.6)

History of thyroid disease 0.21

YES 40(7.1) 38(7.7) 2(2.9)

NO 524(92.9) 456(92.3) 68(97.1)

NIHSS, Median (IQR) 2.0 (1.0, 4.0) 2.0 (1.0, 4.0) 9.0 (5.0, 12.0) < 0.001

mRS, n (%) < 0.001

0 16 ( 2.9) 16 (3.3) 0 (0)

1 264 (47.6) 259 (53) 5 (7.6)

2 93 (16.8) 90 (18.4) 3 (4.5)

3 64 (11.5) 57 (11.7) 7 (10.6)

4 91 (16.4) 58 (11.9) 33 (50)

5 22 ( 4.0) 8 (1.6) 14 (21.2)

6 5 ( 0.9) 1 (0.2) 4 (6.1)

A good outcome is denoted by 0; A poor outcome is denoted by 1; NIHSS, National Institutes of Health Stroke Scale; mRS, Modified Rankin 
Scale;TSH, Thyroid-stimulating hormone; FT3, Free Triiodothyronine; FT4, Free thyroxine.
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and atrial fibrillation. The interaction effect of the 
Gender subgroup was more obvious in TSH (P1<0.05), 
and the interaction effect of the hypertension subgroup 
was more significant in FT3 (P1<0.05) (Table 6).

DISCUSSION
Ischemic stroke is one of the leading causes of death and 
disability in the world. Patients with ischemic stroke 
often experience varying degrees of dysfunction or 
disability, causing great distress in their lives. Therefore, 
it is of great significance to study the prognosis of isch-
emic stroke for guiding rehabilitation treatment and 
improving the quality of life of stroke survivors. Several 
factors, including stroke severity, age, sex, vascular risk 
factors, and comorbidities, have been found to be asso-
ciated with ischemic stroke outcome. However, recent 
prognostic studies of other factors, such as thyroid 
function, have not shown consistent results. 

In the process of human aging, the disorder of the 
circadian rhythm results in the decrease of thyroid-
stimulating hormone (TSH) secretion, and thyroid 
hormone levels in peripheral blood (Bensenor et al. 
2012; Chakraborti et al. 1999). At this time, FT3 level 
decreases most obviously. Hypothyroidism and reduced 
thyroid hormone utilization in the brain have been 
recognized as critical risk factors for ischemic stroke. 

Epidemiological studies have shown that low levels 
of  FT3 are associated with poor functional outcomes 
after acute ischemic stroke (Zhang et al. 2019; Lamba 
et al. 2018). A prospective cohort study showed that 
thyroid dysfunction (lower TSH levels) was associ-
ated with worse clinical outcomes in ischemic stroke 
patients (Chaker et al. 2016).One possible mecha-
nism is the dysfunction of the neuroendocrine hypo-
thalamic-pituitary-thyroid axis. Disturbance of the 
hypothalamic-pituitary-thyroid (HPT) axis affects the 
outcome of stroke. Hypothyroidism can lead to hyper-
tension, hypercholesterolemia, cardiac insufficiency, 
hypocoagulable and hypercoagulable states, all of which 
are risk factors of stroke (Iwen et al. 2013; Gao et al. 
2013). Hyperthyroidism is also associated with atrial 
fibrillation (Zubair Khan et al. 2021; Marouli et al. 2020; 
Ellervik et al. 2019; Selmer et al. 2012; Auer et al. 2001), 
a common cause of cardioembolic stroke (Suzuki et al. 
2021; Singer et al. 2021; Schattner 2019; Jaakkola et al. 
2016). The relationship between thyroid functioning 
and AIS is complex, and current results suggest that 
lower FT3 levels in patients with AIS are associated 
with higher stroke severity and mortality (Wang et al. 
2017b; Lamba et al. 2018; Zhang et al. 2019), as well 
as poorer functional outcomes (Suda et al. 2016). In 
some cell and MOCA animal studies (Mdzinarishvili 
et al. 2013; Genovese et al. 2013; Hiroi et al. 2006), T3 

Tab. 2. Univariate and multivariate analysis of thyroid function and 90-day outcome in patients with AIS

Variable n.total n.event_% OR 95CI p adj.OR adj.95CI adj.P

TSH 564.0 70 (12.4) 0.85 0.7~1.02 0.073 0.81 0.67~0.97 0.025

FT3 564.0 70 (12.4) 0.28 0.15~0.52 <0.001 0.46 0.23~0.9 0.024

FT4 564.0 70 (12.4) 4.46 1.52~13.08 0.006 2.53 0.82~7.78 0.107

Adjusted variables: age,sex,coronary heart disease, hypertension, diabetes mellitus, history of alcohol use, history of smoking;
TSH, Thyroid-stimulating hormone; FT3, Free Triiodothyronine; FT4, Free thyroxine.

Tab. 3. Tertile analysis of the association between serum TSH levels on admission and 90-day outcome in AIS patients

Variable n.total n.event_% OR 95CI p adj.OR adj.95CI adj.P

Q1 188 34(18.1) 1(Ref ) 1(Ref )

Q2 187 15(8) 0.4 0.21-0,75 0.005 0.43 0.22-0.86 0.017

Q3 189 21(11.1) 0.57 0.32-1.02 0.057 0.52 0.28-0.98 0.045

Trend.test 564 70(12.4) 0.72 0.53-0.99 0.042 0.71 0.51-0.98 0.037

Adjusted variables:age,sex,coronary heart disease,hypertension,diabetes mellitus, history of alcohol use, history of smoking.

Tab. 4. Tertile analysis of the association between serum FT3 levels on admission and 90-day outcome in AIS patients

Variable n.total n.event_% OR 95CI p adj.OR adj.95CI adj.P

Q1 146 29(19.9) 1(Ref ) 1(Ref )

Q2 200 26(13) 0.6 0.34-1.08 0.087 0.92 0.49-1.71 0.786

Q3 218 15(6.9) 0.3 0.15-0.58 < 0.001 0.57 0.28-1.19 0.133

Trend.test 564 70(12.4) 0.55 0.4-0.76 < 0.001 0.77 0.54-1.09 0.143

Adjusted variables: age, sex, coronary heart disease, hypertension, diabetes mellitus , history of alcohol use, history of smoking.
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has been shown to increase eNOS (endothelial nitric 
oxide synthase) activity through rapid activation of the 
PI3-kinase /Akt pathway, resulting in a series of acute 
neurovascular protective effects such as lower mean 
blood pressure, enhanced CBF, and reduced cerebral 
infarction size. This ability to induce neuroprotective 
effects is weaker in patients with low T3 than in patients 
with normal thyroid function, and normal function 
of the hypothalamic-pituitary-thyroid axis (HPT) is 
affected by critical conditions such as acute ischemic 
stroke (Lamba et al. 2018). Hypothalamic thyro-
tropin releasing hormone and pituitary thyrotropin 
production are reduced and the ability of extrathyroid 
T4 to  convert to T3 is impaired. Under such a series 
of influences, the neurovascular protective effect caused 
by thyroid hormone is more significantly weakened in 
patients with low T3 after acute ischemic stroke, thus 
making the prognosis of patients with low T3 worse 

after acute ischemic stroke. However, the association 
between TSH levels and functional outcomes after 
stroke is conflicting.

In a study of German scholars (Leonards et al. 2014), 
they concluded that there was no significant correlation 
between TSH and one-year outcome in patients with 
AIS. In another study (Imaizumi et al. 2004), someone 
investigated possible associations between subclinical 
hypothyroidism and the mortality of atherosclerotic 
diseases (ischemic heart disease and cerebrovascular 
disease). They concluded that there was no associa-
tion between subclinical hypothyroidism and cerebro-
vascular disease. Although some investigators have 
suggested that subclinical hypothyroidism was associ-
ated with a lower risk of poor outcomes of stroke, but 
they failed to confirm their conjecture (Wollenweber 
et al. 2013). In contrast to these studies, some researchers 
concluded that hypothyroidism plays a protective role 

Tab. 5. TSH subgroup analysis

Subgroup n.total n.event_% crude.OR crude.95CI p adj.OR adj.95CI adj.P
P.for.

interaction

Gender 0.029

Male 365.0 34 (9.3) 0.62 0.42~0.92 0.017 0.61 0.42~0.9 0.012

Female 199.0 36 (18.1) 0.92 0.76~1.11 0.368 0.93 0.76~1.13 0.444

Age 0.066

≤65 203.0 11 (5.4) 0.86 0.72~1.03 0.096 0.34 0.13~0.88 0.027

�65 361.0 59 (16.3) 0.64 0.32~1.28 0.207 0.84 0.7~1.01 0.065

TICI 0.218

YES 57.0 14 (24.6) 0.64 0.32~1.28 0.207 0.6 0.27~1.35 0.22

NO 507.0 56 (11) 0.89 0.75~1.06 0.201 0.84 0.7~1.01 0.065

CHD 0.448

YES 104.0 14 (13.5) 0.92 0.75~1.13 0.443 0.9 0.69~1.18 0.445

NO 460.0 56 (12.2) 0.77 0.6~0.99 0.039 0.77 0.6~0.98 0.031

HTN 0.049

YES 422.0 54 (12.8) 0.9 0.75~1.08 0.248 0.87 0.73~1.05 0.161

NO 142.0 16 (11.3) 0.53 0.27~1.01 0.052 0.4 0.18~0.85 0.018

HL 0.329

YES 534.0 67 (12.5) 1.41 0.69~2.89 0.048 0.8 0.66~0.97 0.022

NO 30.0 3 (10) 0.91 0.74~1.12 0.35 0.86 0.26~2.81 0.805

DM 0.268

YES 221.0 34 (15.4) 0.91 0.74~1.12 0.364 0.89 0.71~1.12 0.328

NO 343.0 36 (10.5) 0.74 0.55~1.01 0.062 0.73 0.54~0.98 0.037

AF 0.544

YES 60.0 16(26.7) 0.95 0.69~1.31 0.772 0.96 0.64~1.44 0.85

NO 504.0 54(10.7) 0.8 0.64~1.01 0.057 0.77 0.62~0.97 0.023

Abbreviations 1: TSH, Thyroid-stimulating hormone; FT3, Free Triiodothyronine; FT4, Free thyroxine;AF, Atrial Fibrillation; CHD, coronary 
heart disease;DM, diabetes mellitus;HTN, hypertension;NIHSS, National Institutes of Health Stroke Scale; mRS, Modified Rankin Scale; HL,hy
perlipidemia;TICI,Thrombolysis in Cerebral Infarction.
Adjusted variables: age, sex, coronary heart disease, hypertension, diabetes mellitus , history of alcohol use, history of smoking.
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Tab. 6. FT3 subgroup analysis

Subgroup n.total n.event_% crude.OR crude.95CI p adj.OR adj.95CI adj.P
P.for.

interaction

Gender 0.424

Male 365.0 34 (9.3) 0.22 0.09~0.55 0.001 0.31 0.11~0.88 0.027

Female 199.0 36 (18.1) 0.42 0.18~0.97 0.043 0.65 0.25~1.71 0.387

Age 0.588

≤65 203.0 11(5.4) 0.3 0.08~1.05 0.059 0.22 0.05~1.02 0.054

>65 361.0 59 (16.3) 0.34 0.17~0.71 0.004 0.54 0.25~1.15 0.111

TICI 0.849

YES 57.0 14 (24.6) 0.29 0.05~1.67 0.166 0.48 0.05~4.37 0.517

NO 507.0 56 (11) 0.3 0.15~0.59 0.001 0.5 0.24~1.05 0.066

CHD 0.883

YES 104.0 14 (13.5) 0.35 0.08~1.64 0.184 0.62 0.1~4.06 0.622

NO 460.0 56 (12.2) 0.26 0.13~0.53 <0.001 0.45 0.21~0.94 0.033

HTN 0.019

YES 422.0 54 (12.8) 0.41 0.2~0.82 0.012 0.72 0.33~1.57 0.413

NO 142.0 16 (11.3) 0.07 0.02~0.33 0.001 0.13 0.02~0.72 0.019

HL 0.152

YES 534.0 67 (12.5) 0.3 0.16~0.56 <0.001 0.5 0.25~0.98 0.045

NO 30.0 3 (10) 0.02 0~2.23 0.104 0.14 0~124.44 0.57

DM 0.617

YES 221.0 34 (15.4) 0.32 0.12~0.84 0.020 0.55 0.2~1.52 0.247

NO 343.0 36 (10.5) 0.25 0.11~0.56 0.001 0.38 0.15~0.94 0.035

AF 0.532

YES 60.0 16 (26.7) 0.16 0.02~1.09 0.061 0.39 0.04~4.05 0.434

NO 504.0 54 (10.7) 0.35 0.18~0.68 0.002 0.55 0.26~1.15 0.11

Abbreviations 2: TSH, Thyroid-stimulating hormone; FT3, Free Triiodothyronine; FT4, Free thyroxine;AF, Atrial Fibrillation; CHD, coronary 
heart disease;DM, diabetes mellitus;HTN, hypertension;NIHSS, National Institutes of Health Stroke Scale; mRS, Modified Rankin Scale; HL,hy
perlipidemia;TICI,Thrombolysis in Cerebral Infarction.
Adjusted variables: age, sex, coronary heart disease, hypertension, diabetes mellitus , history of alcohol use, history of smoking.

in patients with acute stroke (Alevizaki et al. 2006). 
Subclinical hypothyroidism was associated with a good 
outcome in patients with acute stroke. Many previous 
studies have shown that FT3 was associated with the 
outcome of patients with AIS (Taroza et al. 2020; Jiang 
et al. 2017). The focus of debate is mainly on whether 
TSH was associated with the outcome of acute ischemic 
stroke. In our study, both univariate and multivariate 
analyses indicated that FT3 was closely associated 
with 90-day outcome in patients with AIS. TSH was 
negatively associated with 90-day poor outcomes after 
adjusting for potential confounders (including age, sex, 
coronary heart disease, hypertension, diabetes mellitus, 
history of alcohol use, history of smoking). With the 
decrease of serum TSH level, the probability of poor 
outcomes increased gradually. The novelty of our study 
is that we focused on the combined value of TSH, FT3 
and FT4 in predicting the outcome of ischemic stroke 

and found that both FT3 and TSH were associated with 
90-day outcomes of AIS.

In our subgroup analysis, the levels of FT3 and TSH 
were significantly different between male and female 
patients, and patients with hyperlipidemia. The interac-
tion between male subgroups in TSH was more signifi-
cant (P1<0.05). Previous studies showed that gender 
may be related to ischemic stroke and was one of the 
risk factors of the disease (Arauz et al. 2020), but the 
mechanism is not clear. The possible reason is that there 
are more bad living habits in male, such as smoking 
and drinking, among which increase the risk of poor 
outcomes. Hyperlipidemia is a common risk factor for 
stroke, which can damage the vascular endothelium and 
lead to atherosclerosis. Thyroid dysfunction in humans 
can lead to inappropriate autoimmune response. This 
immune response causes related vascular damage. The 
vascular injury leads to endothelial dysfunction and 
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atherosclerosis, which aggravate the severity of stroke 
and the probability of poor prognosis (Tatar et al. 2011; 
Imaizumi et al. 2004; Cappola & Ladenson 2003). 

Some researchers have shown that male (Arauz et al. 
2020), diabetes mellitus, dyslipidemia, and hyperten-
sion were key risk factors for intracranial stenosis and 
injury in patients with AIS (Wang et al. 2017a). In our 
subgroup analysis, FT3 was statistically significant in the 
patients without hypertension, coronary heart disease, 
diabetes mellitus, and atrial fibrillation. After adjusting 
for potential confounders, TSH was statistically signifi-
cant in the patients without hypertension, coronary 
heart disease, diabetes mellitus, and atrial fibrillation. 
This indicates that FT3 and TSH may be independent 
risk factors for aggravating the severity of  stroke and 
poor prognosis. In stroke patients with poor outcomes, 
FT3 level was generally low, and low FT3 syndrome is 
an early warning factor for cardiovascular and cerebro-
vascular diseases. Current data suggest that low FT3 
levels immediately after acute ischemic stroke (AIS) are 
associated with more severe stroke , higher mortality 
and poorer functional outcomes.

In summary, our study found that FT3 and TSH 
were associated with 90-day poor outcomes in patients 
with AIS, and patients with low FT3 or TSH may have 
a  worse outcome than other patients. These clinical 
indicators can help clinicians identify poor prognosis 
early and implement appropriate interventions. The 
limitation of this study is that a single-centre retrospec-
tive study with small sample may lead to bias. In addi-
tion, we measured thyroid hormone levels only once, 
rather than dynamic changed with time. Therefore, 
our results are preliminary conclusions and need to be 
replicated in more larger patient samples.
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