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Introduction

Currently, in most countries, stroke is one of the leading 
causes of death and disability [1]. Despite certain advances  

 
in the treatment and prevention of cerebrovascular diseases, 
stroke remains in second place in the world among the diseases 
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Abstracts

Background: According to recent studies, thyroid hormones may have various effects on stroke severity, course and outcome, but underlying 
mechanisms of this association are still unclear.

Objective: The aim was to determine the relationship of thyroid hormones during stroke onset with stroke severity and outcome in clinical 
study.

Methods: In this study 168 adult patients with acute ischemic stroke were enrolled. Concentrations of free T3 (fT3), free T4 (fT4), TSH and basic 
stroke risk factors were assessed during 24h from symptoms onset. Neurological deficit was assessed by Scandinavian Stroke Scale (SSS). Disabling 
deficit was defined as mRs score ≥3 at 6 months after stroke. 

Results:  ANOVA showed that SSS scores were significantly higher in patients with fT3 level in 4th quartile (≥5.35 pmol/l) compared to 2-3rd 
quartile (SSS median 48 vs. 37, p=0,0481) and especially to 1st quartile (≤3,4050 pmol/l, SSS median 48 vs. 30, p=0,0018). In patients without prior 
stroke (n=124) baseline SSS-score was independently affected by fT3 (corrected R2 = 0.49, p < 0.0001). According to ROC-analysis, fT3 level <4,44 
pmol/l was a predictor of disabling deficit (AUC = 0.727, specificity - 96.4%, sensitivity - 66.8%, p = 0.003). Univariate analysis showed association 
between poor outcome and low fT3, in multiple regression this association became insignificant only after correction for baseline SSS-score, but no 
other stroke risk factors

Conclusion: The study showed that a low serum free triiodothyronine level during stroke onset negatively affects the stroke severity in first-
time stroke patients and may be predictor of its unfavorable outcome. There was a trend for association between low free triiodothyronine and 
unfavorable stroke outcome after 6 months. Beneficial effects of additional fT3 supplement during stroke should be assessed in future studies.
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leading to death. According to numerous clinical studies, the most 
effective treatment for acute ischemic stroke is the restoration of 
cerebral blood flow by reperfusion methods, such as intravenous 
or selective thrombolysis, or mechanical thrombectomy [2,3]. 
However, reperfusion therapy is possible only within a relatively 
narrow therapeutic window [4]. In cases where thrombolysis or 
thrombectomy is not indicated or there are no opportunities for 
its implementation, modern approaches to patient management 
during the acute period of stroke include both secondary 
prevention of cerebrovascular disease and an attempt to reduce 
the severity of neurological deficit by protecting ischemic (but 
potentially viable) brain tissue in penumbra zone [5]. Nevertheless, 
despite the diversity of neuroprotective drugs, different in their 
mechanism of action and effective in preclinical studies, none of 
them has enough clinical efficacy. In this regard, the search for new 
approaches of neuroprotection remains one of the most important 
tasks of modern neuropharmacology [5].

The survival of the brain tissue under ischemia depends on the 
intensity of metabolism, oxygen demand, as well as the ability to 
maintain the redox potential and support the synthesis of high-
energy compounds (ATP, etc.). The mechanism of action of most 
neuroprotectors is based on the effects on these processes [6,7]. 
Over the past decades, special attention had been paid to the 
neuroprotective properties of endogenous molecules such as VEGF, 
erythropoietin, brain neurotrophic factor, etc. It is known that 
triiodothyronine, an active form of the thyroid hormone thyroxin, 
separates tissue respiration and oxidative phosphorylation. 
This process leads to disruption of the Krebs cycle, reduced ATP 
production, hyperthermia, and has a potentially negative effect in 
acute cerebral ischemia [8]. On the other hand, it is known that 
triiodothyronine has several neuroprotective effects - it contributes 
to the capture of neurotoxic glutamate by astrocytes, stimulation 
of the Na + / K + membrane channels in neurons, the restoration 
of intracellular pH [9].  Thus, selective therapeutic effect on thyroid 
metabolism (stimulation or inhibition of the function of thyroid 
hormones) may be promising potential target for new approaches 
in the treatment of stroke.

In recent years, more publications appeared in the literature 
about the possible effect of thyroid hormones on the risk of 
development, severity and outcome of acute ischemic stroke. 
Nevertheless, the results of the published works are rather 
contradictory [10]. Finally, the nature of the influence of hyper- 
or hypothyroidism on the course and outcome of a stroke is still 
unclear.

Aims

Aim of this study was to determine the relationship between 
markers of thyroid function and the severity of neurological and 
functional deficit in acute ischemic stroke.

Materials and Methods

This study was conducted at the single clinical and research 
center – V.K. Gusak Institute of Urgent and Reparative Surgery 

(Donetsk). 168 patients (women – 71, men – 97) aged 42 to 78 
years with acute ischemic heterogeneous stroke were enrolled 
in this study.  Patients with verified autoimmune thyroiditis or 
a malignancy were excluded from the study. Within 24 hours 
from stroke onset basic risk stroke factors were analyzed. Serum 
free triiodothyronine (fT3), free thyroxine (fT4) and the thyroid 
stimulator hormone (TSH) were determined using ELISA method 
(CHEMWELL EIA-analyzer with DRG-international assay kits). 
Blood sampling was performed during 24 hours from stroke onset. 
Neurological deficit was assessed using Scandinavian Stroke Scale 
(SSS). Poor stroke outcome was assumed as 3 or more points on 
the modified Rankin Scale (mRs) after 6 months from stroke 
onset. Thyroid hormones and TSH levels below 25 and above 75 
percentiles were assumed as “low” and “high”, respectively.

Statistical analysis

Statistical analysis was performed using MedCalc v14 software. 
Continuous data with non-normal distribution is presented as 
median and 95% CI. For analysis of variation of neurological deficit 
ANOVA method was used and patients were divided to subgroups 
according to T3 levels: “hypothyroid” (T3 below 25-percentile), 
“euthyroid” (T3 in 25-75 percentile), “hyperthyroid” (T3 above 75 
percentile). For determining impact of thyroid hormones on stroke 
outcome using logistic regression patient were dichotomized in 
subgroups with good outcome (mRs 0-2) and poor outcome (mRs 
3-6).

Results

Strokes in the carotid territory were the most frequent (79% 
of all patients), with the atherothrombotic subtype being the 
most common (64%). The leading basic risk factors were arterial 
hypertension (65%), smoking (42%), coronary heart disease 
(29%), atrial fibrillation (27%). 49 patients (28%) had previously 
history of TIA or ischemic stroke, 119 patients had the ischemic 
stroke developed for the first time. Demographic characteristics of 
the examined patients are presented in Table 1.

Table 1: Demographic characteristics of the examined patients.

Age 71.5 ± 10.6

Sex

- male

- female

 

97 (54%)

71 (42%)

Stroke territory

- carotid, left hemisphere

- carotid, right hemisphere

- basilar

72 (43%)

60 (3 %)

36 (21%)
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Stroke subtype (TOAST)

- atherothrombotic

- cardioembolic

- cryptogenic

- other (hemodynamical, hemorheological)

 

108 (64%)

37 (22%)

8 (5%)

15 (9%)

Arterial hypertension 109 (65%)

Diabetes 20 (12%)

Ischemic heart disease 49 (29%)

Carotid stenosis (> 70%) 30 (18%)

Atrial fibrillation 46 (27%)

Previous stroke or history of TIA 49 (28%)

Smoking 72 (42%)

On aspirin 39 (23%)

According to the laboratory reference indicators, 112 patients 
had thyroid hormones levels in reference range, 36 patients 
had laboratory hypothyroidism, and 20 patients had laboratory 
hyperthyroidism. The distribution of thyroid hormones levels is 
presented in Table 2.

Correlation analysis using the Spearman rank correlation 
method revealed a positive statistically significant relationship 
between the level of free triiodothyronine and the severity of 
neurological deficit according to the SSS scale. A statistically 
significant relationship was also found between the level of free 
thyroxine and the presence of atrial fibrillation. Among other 
factors, an inverse correlation was observed between the level of 
C-reactive protein and the severity of neurological deficit according 
to the SSS scale (R = -0.397, p = 0.0004). No other significant 
correlation relationships were found between thyroid hormones, 
severity of neurological deficiency, and the presence of basic 
risk factors for stroke. The results of the correlation analysis are 
presented in Table 3.

Table 2: Distribution of thyroid hormones levels.

Free T3, pmol / l Free T4, pmol / l TSH, IU / l

Median 4.57 (95% CI 4.35 - 4.79) 16.2 (95% CI 15.62 -16,60) 1.28 (95% CI 1.02 - 1.433)

25th percentile 3.545 (95% CI 3,019 - 4.22) 14.65 (95% CI 13.84 - 15.38) 0.86 (95% CI 0.64 - 1.01)

75th percentile 5.35 (95% CI 5.01 - 5.61) 17.5 (95% CI 17.0 - 17.98) 2.1 (95% CI 1.59 - 3.24)

Table 3: Correlation relationships between thyroid function indicators, severity of neurological deficit, and stroke risk factors.

Free T3 Free T4 TSH

Arterial hypertension NS NS NS

Diabetes NS NS NS

Ischemic heart disease NS NS NS

Atrial fibrillation NS R=0,297 (p=0,0071) NS

Previous stroke or history of TIA NS NS NS

Smoking NS NS NS

On aspirin NS NS NS

Stroke severity (SSS score) R=0,316 (p=0,0043) NS NS

C-reactive protein (mg/L) NS NS NS

The ANOVA test showed that patients with fT3 level in the IV 
quartile (≥ 5.35 pmol/L; 95% CI 5.01 - 5.61) had less severe stroke 
(bigger SSS scores) compared to patients with fT3 level in II - III 
quartile (SSS median is 48 points in Q4 vs 37 points in Q2-3, p = 
0,0481), and significantly especially less severe stroke compared to 
patients whose T3 level was in the first quartile (≤ 3.4050 pmol/l, 
SSS median 48 points in Q4 vs 30 points in Q1, p = 0.0018) . The 
results of the ANOVA test are presented in Figure 1.

The result of ANOVA test suggests that low triiodothyronine 
levels are associated with a more severe neurological deficit, while 
high levels may have potential neuroprotective effects. There were 
no statistically significant variations of SSS score in subgroups of 

patients according to fT4 or TSH levels.

After 6 month 120 patients were classified as having stroke with 
poor outcome and 48 patients had stroke with favorable outcome. 
Comparative analysis showed that patient with poor outcome were 
older, had significantly lower fT3 level, higher CRP levels and lower 
freeT3 to freeT4 ratio (Table 4). 

Free T3 – free triiodothyronine, Free T4 – free thyroxine, 
TSH – thyroid-stimulating hormone. To clarify the relationship 
between the severity of neurological deficit and the level of free 
triiodothyronine in serum, a regression analysis was performed. 
Univariate regression analysis showed that in patients with 
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cardioembolic stroke, fT4 favorably influenced the severity of 
the stroke according to the SSS scale (R2 = 0.75, p = 0.0005), but 
this association diminished after adjustment for other stroke risk 

factors (age, hypertension, carotid stenosis, glucose level, C-reactive 
protein, SSS score).

Figure 1  Analysis of variation of neurological deficit in subgroups depending on fT3 level (ANOVA test).
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Table 4: Thyroid hormones, CRP levels and age of patient with different stroke outcomes.

mRs 0-2 (n=48) mRs 3-6 (n=120) P value

Age, years 68 (55 – 70,4) 76 (72 – 77) 0,0006

Free T3, pmol / l 4,815 (4,57 – 5,5798) 4,43 (4,036 – 4,65) 0,0173

Free T4, pmol / l 16,1 (14,61-17,22) 16,5 (15,466 – 16,834) NS

TSH, IU / l 1,305 (0,779 – 1,86) 1,16 (0,99 – 1,43) NS

C-reactive protein, mg/L 6,29 (5,26 – 8,04) 16,1 (8,565 – 24,696) 0,0140

FreeT3/FreeT4 ratio 0,366 (0,287 – 0,343) 0,27 (0,2355 – 0,304) 0,0374

Univariant regression showed no relationship between the 
severity of neurological deficit and the level of triiodothyronine. 
However, after exclusion of patients with previous stroke, a 
regression dependence of the severity of neurological deficit on the 
level of free triiodothyronine was detected (F = 15.7920, p = 0,0002, 
corrected R2 = 0,44). There were no significant differences in 
thyroid hormones levels, CRP and SSS-scores in patients with first-
time stroke and patients with history of stroke or TIA. To confirm 
the independent effect of the fT3 level on the severity of stroke 
and exclude the influence of co-factors, a multivariate regression 
analysis was performed. The regression model included basic risk 
stroke factors (age, arterial hypertension, arterial pressure on 
admission, atrial fibrillation, IHD, diabetes, smoking), C-reactive 
protein, free thyroxine, TSH, free T3 / free T4 ratio. Variables were 
introduced the regression model using the forward method.

In multivariate regression analysis showed that the independent 
factors affecting the severity of neurological deficiency in patients 
with no prior stroke were the level of free triiodothyronine (p = 
0.0035) and the level of C-reactive protein (p = 0.0035). Model had 
the coefficient of variation F=17.45 (p < 0.0001) and corrected R2 
= 0.49. The obtained results confirmed the independent effect of 
serum free triiodothyronine level on the severity of neurological 
deficit in newly developed ischemic stroke, while the low levels of 

triiodothyronine were associated with more severe stroke.

To assess the impact of the fT3 level on stroke outcome the 
multiple logistic regression method was used. Basic stroke risk 
factors (age, hypertension, blood pressure at admission, atrial 
fibrillation, coronary artery disease, diabetes mellitus, smoking) 
and C-reactive protein, free thyroxine, TSH levels, fT3 / fT4 
ratio were included in the regression model. Lower fT3 levels 
were independently associated with poor stroke outcome (odds 
ratio = 0.3408, 95% CI 0.15 - 0.77), but this association became 
insignificant after correction for baseline SSS-score.

In order to determine the critical values of free triiodothyronine, 
associated with the greatest risk of poor stroke outcome, the 
analysis of ROC-curves was applied. It was established that level 
of fT3 < 4.44 pmol/l is a predictor of poor stroke outcome (AUC 
= 0.727, specificity - 96.4%, sensitivity - 66.8%, p = 0.003). The 
results of the analysis of ROC curves are presented in Figure 2.

Discussion

The results of this study indicate that low serum free 
triiodothyronine level during stroke onset is associated with a 
more severe neurological deficit in patient with first time ischemic 
stroke. The difference between this and analogical studies is the 
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identification of independent influence of free triiodothyronine on 
the stroke severity in multivariate regression analysis. There are 
several limitations in this study. The main disadvantages are lack 
of long-term follow-up and inability to use Cox-regression method. 
This study was underpowered to reveal the independent influence 
of low free triiodothyronine level on poor stroke outcome. This may 
be attributed to relatively low sample size, short follow-up period 
and because the majority of patients were euthyroid. Nevertheless, 
obtained data showed trend for poorer outcome in patients with 
low free triiodothyronine levels (association of outcome and fT3 
became insignificant only after correction for baseline SSS-score, 
but no other stroke risk factors). Our results correlate with the 
fundamental research carried out in recent years. In experimental 
models, it has been shown that the administration of L-thyroxin 

after transient cerebral ischemia contributes to an increase in 
neuron density and stimulation of angiogenesis in the ischemic 
brain [11]. The results of another in-vitro and research showed that 
triiodothyronine can recover intracellular concentration of natrium, 
calcium ions and pH [8]. It was shown that thyroxine stimulates the 
synthesis of other neurotrophic factors, such as fibroblast growth 
factor [12]. Several clinical studies also confirm experimental data. 
Lena M. O’Keefe et al. in a study of 868 patients with heterogeneous 
ischemic stroke found that a low triiodothyronine level was 
associated with a more functional deficiency in 3 months after a 
stroke and with more nosocomial mortality [13]. Results of another 
study of 833 patients with acute ischemic stroke, indicate that low 
levels of total triiodothyronine (even within the reference range) 
were associated with poor stroke outcome [14].

Figure 2 Comparison of ROC-curves of poor stroke outcome predictors.
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The biological basis of the association of hypothyroidism 
with the stroke course and outcome has not been finally studied. 
In this context, researches of new class of thyroid hormones – 
thyronamines (decarboxylated triiodothyronine derivatives) 
seems promising. These substances are a new class of endogenous 
signaling hormones that exhibit significant in-vivo effects, such as:

1.	 decrease in the rate of basal metabolism, decrease in 
respiratory rate [15];

2.	 fast, deep and reversible hypothermia [16];

3.	 weight loss [17];

4.	 negative inotropic and chronotropic effects without 
changing the absorption of glucose and oxygen [18];

5.	 decrease in Ca2+ level in the endoplasmic reticulum [19]

6.	 ischemia resistance [20];

7.	 increase in high-energy compounds level in target cells 
[21].

Thyronamines have a wide range of potential neuroprotective 
effects, the most significant of which are induction of hypothermia 
and a decrease in the rate of basal metabolism. According 
to Kristian P. Doyle et al., intraperitoneal administration of 
thyronamines to laboratory mice contributes to a decrease in 
body temperature from 37 to 31 Celsius degrees, and significantly 
reduces the infarction zone after transient cerebral ischemia. At 
the same time, the observed hypothermia is completely reversible 
and is not accompanied by any side effects, and its development 
is not associated with the effects of the known mechanisms of 
thermoregulation [22].

It is noteworthy that thyronamines, being derivatives of 
L-thyroxin, have antagonistic properties in relation to it, and 
the metabolic effects of thyronamines are close to the effects 
observed in hypothyroidism. It is possible that this phenomenon 
is the reason for the neuroprotective effects of thyroid hormones. 
To confirm the neuroprotective effects of thyronamines, analog 
of T0AM (thyronamine) was synthesized by our colleagues from 
the L.M. Litvinenko Institute of Physical Organic Chemistry and 
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Coal Chemistry (Donetsk, Donbass region) for research in animal 
experimental model. Preliminary results showed that injection 
of T0AM in a dose of 50 mg / kg to laboratory rats (n=6) leads 
to a statistically significant decrease in the body temperature of 
experimental animals compared to controls (n=6), independently of 

other hypothermia agent (halothane). Body temperature dynamics 
after thyronamine injection is shown in Figure 3. Currently, the 
study of the thyronamine neuroprotective properties in the 
experimental stroke model is ongoing in our Institute (Figure 3).

Figure 3 Thermoregulatory effect of thyronamine (T0AM) in experimental animal model.
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Even though in recent years, more and more evidence has been 
obtained of the influence of thyroid hormones on risk, course and 
outcome of cerebrovascular disease, the nature and biological 
basis of this relationship have not been finally identified. This 
was the basis for initiation in our institute a complex clinical and 
experimental trial devoted to the study of the possibility of using 
thyroid hormones and their derivatives as neuroprotective therapy 
in acute ischemic stroke.

Conclusion

The study showed that a low serum free triiodothyronine 
level during stroke onset negatively affects the stroke severity in 
first-time stroke patients and may be predictor of its unfavorable 
outcome. There was a trend for association between low free 
triiodothyronine and unfavorable stroke outcome after 6 months. 
The findings suggest that thyroid metabolism is not only a factor 
affecting the course of ischemic stroke, but also a potential target for 
therapeutic correction. To confirm the effectiveness of this approach, 
it is necessary to conduct further clinical and experimental studies. 
It is reasonable to monitor thyroid hormone levels during stroke, 
while the analysis of serum free triiodothyronine can be used to 
predict a high risk of an unfavorable stroke outcome. Further 
researched are needed to determine possible beneficial effects of 
additional T3 supplements in ischemic stroke patients.
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