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Abstract: Objective: To explore the changes in thyroid T3 hormone levels and its prognostic value in patients with
acute cerebral infarction. Methods: 58 patients with the first onset of acute cerebral infarction (B group) and 64 participants who underwent regular physical examination (A group) were recruited. According to the total T3 expression,
the B group was further divided into two subgroups (normal- and low-expression groups). The 28-day survival rate
was statistically analyzed using Kaplan-Meier survival curves. In addition, multi-variate Cox regression analysis was
performed to validate independent prognostic factors of 28-day survival. The severity of patients’ conditions in the
normal- and low-expression subgroups was compared using the National Institutes of Health Stroke Scale. Results:
T3 levels in A group were significantly higher than those in B group (P=0.000). There were 5, 11, and 14 patients
with severe, moderate, and mild nerve function deficit in the group with normal T3 expression, respectively. While
in the group with low T3 expression, the statistics were 14, 10, and 4, respectively and a statistically significant
difference between the two groups was observed (P=0.000). Patients in the subgroup with low T3 expression had
significantly lower 28-day survival rates than those in the subgroup with normal T3 expression (P=0.023). Singlevariate Cox regression analysis showed that normal T3 expression levels, advanced age, and history of hypertension
were prognostic factors, and the multifactor regression analysis revealed that normal T3 expression levels and age
were independent prognostic factors for death resulting from acute cerebral infarction. Conclusion: In patients with
acute cerebral infarction, the thyroid hormone level is downregulated in the blood and is considered an independent
risk factor for 28-day survival.
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Introduction
Acute cerebral infarction is the most common
cerebrovascular disease in the aging population, and it is characterized by high morbidity,
mortality, and disability rates [1, 2]. The major
causes of acute cerebral infarction include the
formation of a thrombus in the vessels that
blocks the blood flow in the brain, which results
in lesions and hypoxia in the blocked area, and
this phenomenon contributes to the development of nerve dysfunction [3]. In the population
aged between 15 and 54 years [4, 5], the mortality rate of cerebral infarction was as high as
49/1000000, and the incidence is gradually
increasing, particularly in the aging population
aged between 50 and 60 years. A variety of factors may induce the development of cerebral
infarction, including the environment, diet,
blood pressure, blood glucose levels, and fat in

the blood [6]. Studies have shown that early
diagnosis of patients with acute cerebral infarction can improve the patient’s condition and
prognosis [7, 8]. Thus, efficient diagnostic
methods and an accurate judgment of the
patients’ condition are important for prognosis
and improvement of the patients’ health
status.
The thyroid is the largest endocrine organ in the
human body, and it can synthesize and release
thyroid hormones via nerve stimulation on the
receptor [9]. Evidence shows that thyroid hormone can promote growth and development as
well as metabolism. Moreover, it can increase
the excitability of the central nervous system
and sympathetic nerves in humans [10]. Triiodothyronine (T3) and thyroxine (T4) are the
major types of thyroid hormones, and mutual
transformation sustains the dynamic equilibri-

Variations in patients with cerebral infarction
um [11]. Recent studies have shown that
changes in the thyroid hormone levels result in
atrial fibrillation, cerebral venous thrombosis,
hypertension, and moyamoya disease, which
are risk factors of cerebral infarction [12, 13].
However, in the blood of individuals with acute
cerebral infarction, the expression of T3 is significantly lower than that of healthy individuals
[14]. However, whether T3 can be used as an
indicator of prognosis in patients with acute
cerebral infarction has not been reported in
related literature.
Thus, this study aimed to investigate the changes in the T3 levels and its prognostic value in
individuals with cerebral infarction, thus providing reference for clinical physicians.
Methods and materials
Clinical data of the patients
58 patients with the first onset of acute cerebral infarction but without thyroid diseases (B
group) were recruited from January 2014 to
May 2015. In B group, 39 patients were men
and 19 were women aged between 47 and 82
years, and the average age was 61.84±6.30
years. All the patients underwent regular treatment. In addition, 64 participants aged
between 45 and 80 years (with an average age
of 62.29±5.11 years) who underwent regular
physical examination during the same period
were enrolled and included in A group. Of the
participants in the control group (B group), 42
were men and 22 were women. All patients in B
group were diagnosed in accordance with the
diagnostic criteria revised during the Fourth
National Cerebrovascular Diseases Conference
[15]. This study had been approved by the ethics committee of Lanzhou University Second
Hospital, and written informed consent was
obtained from all the participants.
Inclusion and exclusion criteria
Inclusion criteria for patients in B group were as
follows: patients aged >18 years; patients with
no previous history of thyroid function disease,
patients were diagnosed as ischemic stroke by
head CT; the cerebral infarction occurred within
24 hours before seeking medical attention;
patients had taken drugs that affected the thyroid within 2 months. Exclusion criteria were as
follows: patients with malignant tumors, chron-
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ic infection, pulmonary thrombus, history of thyroid surgery, multiple endocrine diseases, taking thyroid or anti-thyroid drugs, gastrointestinal
diseases; those who did not cooperate with the
treatment or follow-up; and those with insufficient clinical data.
Examination items
Venous blood was drawn from the patients on
the next day after onset, and the samples were
then delivered to the clinical laboratory of
Lanzhou University Second Hospital to determine serum T3 levels of the patients using
radioimmunoassay. Low-density lipoprotein
cholesterol (LDL-C), triglyceride (TG), total cholesterol (TC), and high-density lipoprotein cholesterol (HDL-C) levels were measured using
the Hitachi 7600 automatic biochemical analyzer, and white blood cell (WBC) count was
assessed using the Sysmex XT-1800i hematology analyzer.
Outcome measures
Major outcome measures: The serum T3 levels
of the patients in the two groups were assessed,
and according to normal level values (0.92~2.79
nmol/L), B group was further divided into two
subgroups (Normal- and low-expression groups)
for statistical analysis of the 28-day survival
rates and identification of the Kaplan-Meier
survival curves. In addition, Cox regression
analysis was performed to validate the independent prognostic factors for death resulting
from acute cerebral infarction.
Other outcome measures: The severity of the
patients’ conditions in the normal- and lowexpression subgroups was evaluated using the
National Institute of Health Stroke Scale
(NIHSS), and a score >15 indicated a severe
nerve function deficit. Meanwhile, a score of
6-14 indicated a moderate deficit, and a score
of 0-6 suggested a mild deficit [16].
Statistical analysis
The Statistical Package for the Social Science
software, version 20.0, was used for data processing, and GraphPad Prism 7 was utilized for
image preparation. Measurement data (mean ±
standard deviation) of the two groups were
compared with independent t-tests. Meanwhile,
enumeration data and continuous variables
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Table 1. Comparison of the clinical data between A and B group
A group
(n=64)

Factor
Sex
Female
Male
Age (years)
BMI (kg/m2)
Smoking history
Yes
No
History of alcoholism
Yes
No
History of hypertension
Yes
No
Diabetes history
Yes
No
WBC (109/L)
LDL-C (mmol/L)
TG (mmol/L)
TC (mmol/L)
HDL-C (mmol/L)

B group
(n=58)

42 (65.63)
22 (34.38)
61.84±6.30
22.54±1.35

39 (48.15)
19 (32.76)
62.29±5.11
22.68±1.48

32 (50.00)
32 (50.00)

42 (72.41)
16 (27.59)

8 (12.50)
56 (87.50)

10 (17.24)
48 (82.76)

31 (48.44)
33 (51.56)
32 (50.00)
32 (50.00)
7.15±2.11
1.82±0.48
1.20±0.15
2.88±0.84
1.66±0.46

t/χ2

P value

0.036

0.850

0.431
0.546
6.405

0.668
0.586
0.011

0.544

0.461

7.278

0.007

42 (72.41)
16 (27.59)
25 (43.10)
33 (56.90)
6.68±2.01
3.15±0.86
1.57±0.22
4.95±0.65
1.51±0.42

Results
0.581

0.446

Comparison of the clinical
data between A and B groups

1.257
10.675
10.940
15.109
1.874

0.211
0.000
0.000
0.000
0.063

In this study, the clinical data
of the two groups differed in
terms of sex distribution, age,
body mass index, history of
smoking and drinking alcohol,
hypertension, and diabetes
mellitus (all P<0.05); however,
LDL-C, TG, TC, and HDL-C levels were statistically different
(P<0.05; Table 1).

Table 2. T3 expression of A and B groups
Group
T3 (ng/mL)

A group (n=64)
1.84±0.38

survival curves were identified
to analyze the survival rates of
the two groups with normal T3
expression and low T3 expression. We also performed oneway Cox regression analysis
to validate the correlation
between each potential variable and the mortality rate
of the patients. In addition,
multi-variate Cox regression
analysis was performed to
identify the independent prognostic variables that could be
used to predict the mortality
rate of the patients.

B group (n=58) t value
0.99±0.46
11.166

P value
0.000

groups

T3 expression of A and B

Results showed that the expression of T3 in B
group was significantly lower than that in A
group. There was a difference between the two
groups.t (P<0.05; Table 2 and Figure 1).
NIHSS scores of the patients in B group

Figure 1. The T3 expression in the blood of A group
was significantly higher than that of B group (P<0.05),
indicating that there was a difference between the
two groups (P<0.05).

were compared using chi-square tests and
rank-sum tests, respectively. The Kaplan-Meier
2988

The average T3 expressions of B group was utilized to further classify them into two subgroups
(normal-expression [n=30] group and lowexpression [n=28] group). In the normal-expression group, 5, 11, and 14 patients presented
with severe, moderate, and mild nerve function
deficit, respectively. Meanwhile, in the lowexpression group, 14, 10, and 4 patients had
severe, moderate, and mild nerve function deficit, respectively; the difference was statistically
significant (P<0.05; Table 3).
Int J Clin Exp Med 2019;12(3):2986-2991

Variations in patients with cerebral infarction
Table 3. NIHSS scores of the patients with normal and low T3 expressions (n [%])
Severe neurological Moderate neurological Mild neurological
χ2
P value
impairment
impairment
impairment
Normal expression group (n=30)
5 (16.67)
11 (36.67)
14 (46.66)
9.640 0.002
Low expression group (n=28)
14 (50.00)
10 (35.71)
4 (14.29)
Group

Table 4. 28 day survival rates of patients with normal and low T3 expressions
Group
Normal expression group (n=30)
Low expression group (n=28)
X2
P value

1d
28 (93.33)
25 (89.29)
0.296
0.586

7d
27 (90.00)
20 (71.43)
3.068
0.080

14 d
26 (86.67)
19 (67.86)
1.275
0.259

21 d
24 (80.00)
19 (67.86)
1.806
0.179

28 d
24 (80.00)
14 (50.00)
5.164
0.023

results showed that the T3
levels in these patients were
significantly lower than those
in healthy individuals. Moreover, Jun et al. have found
that T3 in the blood of patients with acute cerebral infarction is significantly downregulated, which is also consistent with our results, and
this may be caused by the
blockage in the blood circulaFigure 2. According to survival conditions, B group was further divided into
the high- and low-expression subgroups. The survival condition of the hightion of patients with acute
expression subgroup was significantly higher than that of the low-expression
cerebral infarction, inducing
subgroup (P<0.05), indicating that there was a difference between the two
ischemia and hypoxia, which
groups (P=0.023).
subsequently results in the
massive release of cortisol
Analysis of the survival of patients
and a decrease in 5’-deiodinase activity, inhibition of transformation of T4 to T3 in the periphIn the low-expression group, the patients had a
eral organs, and down-regulation of T3 in the
significantly lower 28-day survival rate than
blood [14, 17]. Thus, T3 expression may be a
those in the normal-expression group (P=0.023;
potential observation index for patients with
Table 4 and Figure 2).
acute cerebral infarction.
Cox regression analysis
According to the one-way Cox regression analysis based on the collected data, normal T3
expression levels, advanced age, and hypertension were prognostic factors, and the multi-variate regression analysis showed that T3 levels
(adjusted HR=2.325, 95% confidence interval
[CI]: 1.848-2.846, P=0.023) and age (adjusted
HR=7.229, 95% CI: 2.233-23.401, P=0.000)
were independent prognostic factors (Tables
4-6).
Discussion
In this study, we assessed the serum T3 levels
of patients with acute cerebral infarction, and
2989

The NIHSS is primarily used to evaluate the
severity of the condition of a patient with cerebral stroke, and the NIHSS score is also a promising predictive indicator of cerebral stroke
[18]. In this study, the average T3 expression in
the blood of patients in the study group was
used to further divide them into the normaland low-expression subgroups to observe the
distribution of the NIHSS scores in the patients
of the two groups. Statistics showed that the
ranked distribution of the NIHSS scores of
the normal-expression subgroup was different
from that in the low-expression subgroup, indicating that the patients with low T3 expression
had poor prognosis. This is because the NIHSS
score is positively correlated with the severity
Int J Clin Exp Med 2019;12(3):2986-2991
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Table 5. Cox single factor analysis
Factor
T3
Sex
Age
BMI
Smoking history
History of alcoholism
History of hypertension
Diabetes history
WBC
LDL
TG
TC
HDL

Β
1.155
0.204
0.913
0.076
-0.484
0.444
1.489
-0.482
0.245
-0.371
0.044
0.192
0.376

SE
0.444
0.483
0.464
0.463
0.450
0.513
0.744
0.463
0.437
0.441
0.437
0.437
0.441

Wald
6.778
0.178
3.879
0.027
1.157
0.750
4.006
1.082
0.314
0.706
0.010
0.192
0.727

Sig.
0.009
0.673
0.049
0.869
0.282
0.386
0.045
0.298
0.575
0.401
0.919
0.661
0.394

Exp(B)
95.0% CI
3.175 1.331-7.577
1.226 0.476-3.160
2.492 1.004-6.182
1.079 0.436-2.675
0.616 0.255-1.489
1.559 0.571-4.259
4.433 1.031-19.052
0.618 0.249-1.531
1.278 0.542-3.009
0.690 0.291-1.639
1.045 0.444-2.462
1.211 0.514-2.853
1.457 0.613-3.460

Table 6.Cox multivariate analysis for survival rates
Factor
β
SE
Wald
Sig. Exp(B)
95.0% CI
History of hypertension 1.182 0.758 2.432 0.119 3.260 0.738-14.399
Age
1.978 0.599 10.892 0.000 7.229 2.233-23.401
T3
2.190 0.593 4.254 0.023 2.325 1.848-2.846

of cerebral infarction, and increases with the
severity of the patient’s condition. However, we
found that T3 expression also increased with
the increase in NIHSS scores. Therefore, it is
concluded that T3 is associated with the
degree of disease in patients with cerebral
infarction.
Glymour et al. have found that an NIHSS score
>16 may indicate a significantly high mortality
rate among patients with acute cerebral infarction patients [19]. Thus, we assessed the survival curves of the patients within 28 days and
found that patients with low T3 expression had
a higher mortality rate than healthy individuals
with a high T3 expression. Thus, T3 expression
is significantly correlated to the prognosis of
patients with acute cerebral infarction. Hence,
the one-way Cox regression analysis revealed
that T3 level, age, and hypertension were prognostic factors. Meanwhile, according to the
multi-variate Cox regression analysis, T3 level
and age were independent prognostic factors,
and this has been confirmed in the study of
Scherrer et al. [20]. The main reason is that
man’s various organs and corresponding physiological functions are gradually declining,
which slows down the metabolism of the body.
Due to the aggravating trend of aging population in numerous developed and some develop2990

ing countries, people
have been focusing on
the life and safety of the
elderly population [21,
22]. Acute cerebral infarction is a common disease in the aging population, and precautions
should be taken to prevent the development of
the disease. The measurements of T3 in the
blood of patients with
acute cerebral infarction
showed that T3 expression was an independent
prognostic factor, which
can be used as a novel
potential index for evaluating prognosis.

However, this study had
a small sample size.
Whether the small sample size affects the correctness of our results
remains to be verified. Secondly, we have not
explored and identified the specific mechanisms, and did not conduct dynamic monitoring
of T3 levels. Therefore, we will combine the
data of multiple research centers for statistics,
and dynamically monitor the T3 expression of
patients, and improve the methods to explore
its specific mechanism and verify the correctness of our study.
In conclusion, thyroid hormone level is downregulated in the blood of patients with acute
cerebral infarction; thus, it can be used as an
independent prognostic factor of acute cerebral infarction.
Disclosure of conflict of interest
None.
Address correspondence to: Zhiyan Liu, Department
of Neurology, Lanzhou University Second Hospital,
No. 82, Cuiying Community, Lanzhou 730000,
Gansu, China. Tel: +86-17789694658; E-mail: zhiyanliuyx@163.com

References
[1]

Wu W, Guan Y, Xu K, Fu XJ, Lei XF, Lei LJ, Zhang
ZQ, Cheng Y, Li YQ. Plasma homocysteine lev-

Int J Clin Exp Med 2019;12(3):2986-2991

Variations in patients with cerebral infarction
els predict the risk of acute cerebral infarction
in patients with carotid artery lesions. Mol
Neurobiol 2016; 53: 2510-2517.
[2] Ye L, Cai R, Yang M, Qian J and Hong Z. Reduction of the systemic inflammatory induced by
acute cerebral infarction through ultra‑early
thrombolytic therapy. Exp Ther Med 2015; 10:
1493-1498.
[3] Wang R, Wei Y and Teng J. Levels of plasma
N-terminal Pro-brain natriuretic peptide and Ddimer on the prognosis of patients with acute
cerebral infarction. Pak J Med Sci 2018; 34:
855-858.
[4] Aguilar MI. Acute ischemic stroke and transient ischemic attack. Evidence-Based Neurology: Management of Neurological Disorders
2015; 53.
[5] Tian Q and Peng Q. Therapy effect analysis of
urinarykallid on acute cerebral infarction patients with different ages. Clinical Medicine of
China 2016; 32: 353-355.
[6] Chen C, Chunling M and Tang J. Analysis of risk
factors of cerebral infarction in young adults
and its correlation with TOAST types. Chinese
Journal of Primary Medicine and Pharmacy
2017; 24: 582-585.
[7] Zhou J and Zhang J. Identification of miRNA-21
and miRNA-24 in plasma as potential early
stage markers of acute cerebral infarction. Mol
Med Rep 2014; 10: 971-976.
[8] Wang KJ, Zhao X, Liu YZ, Zeng QT, Mao XB, Li
SN, Zhang M, Jiang C, Zhou Y, Qian C, Feng KG,
Guan HQ, Tang TT, Cheng X, Chen ZJ. Circulating MiR-19b-3p, MiR-134-5p and MiR-186-5p
are promising novel biomarkers for early diagnosis of acute myocardial infarction. Cell Physiol Biochem 2016; 38: 1015-1029.
[9] Haugen BR, Alexander EK, Bible KC, Doherty
GM, Mandel SJ, Nikiforov YE, Pacini F, Randolph GW, Sawka AM, Schlumberger M, Schuff
KG, Sherman SI, Sosa JA, Steward DL, Tuttle
RM, Wartofsky L. 2015 American thyroid association management guidelines for adult patients with thyroid nodules and differentiated
thyroid cancer: the American thyroid association guidelines task force on thyroid nodules
and differentiated thyroid cancer. Thyroid
2016; 26: 1-133.
[10] Davis PJ, Goglia F and Leonard JL. Nongenomic
actions of thyroid hormone. Nat Rev Endocrinol 2016; 12: 111-121.
[11] Jayanthi R, Srinivasan AR, Hanifah M and Maran AL. Associations among Insulin resistance,
triacylglycerol/high density lipoprotein (TAG/
HDL ratio) and thyroid hormone levels-a study
on type 2 diabetes mellitus in obese and overweight subjects. Diabetes Metab Syndr 2017;
11: S121-S126.

2991

[12] Waheed W, Aljerdi S, Decker B, Cushman M
and Hamill RW. Cerebral venous thrombosis
associated with thyrotoxicosis, the use of desmopressin and elevated factor VIII/von willebrand factor. BMJ Case Rep 2016; 2016.
[13] Arboix A. Cardiovascular risk factors for acute
stroke: risk profiles in the different subtypes of
ischemic stroke. World J Clin Cases 2015; 3:
418-429.
[14] Jun L, Dai Y, Zhang C, Chen X, Dan Q and Cao
L. The clinical value and significance of thyroid
hormone changes in patients with acute cerebral infarction. Chinese Journal of Endemiology 2017; 36: 223-225.
[15] Chen T. Effects of martial arts on recovery of
motor function and nerve excitability of stroke
patients. NeuroQuantology 2018; 16.
[16] Bunevicius A, Iervasi G and Bunevicius R. Neuroprotective actions of thyroid hormones and
low-T3 syndrome as a biomarker in acute cerebrovascular disorders. Expert Rev Neurother
2015; 15: 315-326.
[17] Arthur JR and Beckett GJ. Roles of selenium in
type I iodothyronine 5’-deiodinase and in thyroid hormone and iodine metabolism. In: editors. Selenium in biology and human health.
Springer; 1994. p. 93-115.
[18] Cooray C, Fekete K, Mikulik R, Lees KR, Wahlgren N and Ahmed N. Threshold for NIH stroke
scale in predicting vessel occlusion and functional outcome after stroke thrombolysis. Int J
Stroke 2015; 10: 822-829.
[19] Glymour MM, Berkman LF, Ertel KA, Fay ME,
Glass TA and Furie KL. Lesion characteristics,
NIH stroke scale, and functional recovery after
stroke. Am J Phys Med Rehabil 2007; 86: 725733.
[20] Scherrer N, Fays F, Mueller B, Luft A, Fluri F,
Christ-Crain M, Devaux Y and Katan M. MicroRNA 150-5p improves risk classification for mortality within 90 days after acute ischemic
stroke. J Stroke 2017; 19: 323-332.
[21] Melander-Wikman A, Fältholm Y and Gard G.
Safety vs. privacy: elderly persons’ experiences
of a mobile safety alarm. Health Soc Care Community 2008; 16: 337-346.
[22] Cunti A and Bellantonio S. Education, physical
activity, and healthy aging in italy. Ageing,
Physical Activity and Health: International Perspectives 2018; 127.

Int J Clin Exp Med 2019;12(3):2986-2991

