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Abstract

Background: Data regarding the relation between both subclinical thyroid dysfunction, thyroid autoantibodies

and clinical outcomes in stroke patients are limited. This study aimed to evaluate subclinical thyroid dysfunction

and thyroid autoantibodies production in acute stroke patients and their relation to long term stroke outcome. We
recruited 138 patients who were subjected to thorough general, neurological examination and brain imaging. Blood
samples were collected for measurement of levels of serum thyroid function [free tri-iodothyronine (FT3), free thyroxin
(FT4), thyroid stimulating hormone (TSH)], thyroid autoantibodies within 48 h after hospital admission. FT4 and TSH
after 1 year were done. The stroke severity was assessed at admission by the National Institutes of Health Stroke

Scale (NIHSS). The stroke outcome was assessed at 3 months and after 1 year by the modified Rankin Scale (mRS). We
divided the patients into two groups according to thyroid autoantibodies (positive and negative groups).

Results: Subclinical hyperthyroidism was found in 23% of patients, and subclinical hypothyroidism in 10% of
patients. Euthyroidism was detected in 67% of patients. 34% patients had positive thyroid autoantibody. Positive
thyroid autoantibodies were commonly found in those with subclinical hyperthyroidism (28%), followed by subclini-
cal hypothyroidism (21%) and euthyroidism (14%). 73% and 59% of stroke patients had poor outcomes (MRS was > 2)
at 3 months and 1 year respectively with no significant difference between ischemic and hemorrhagic stroke patients.
In the positive group final TSH level, NIHSS score at admission, and disability at 1 year were significantly higher
compared with the negative group. Poor outcome was significantly associated with higher NIHSS score at admission,
positive thyroid autoantibodies, subclinical hyperthyroidism, and atrial fibrillation.

Conclusions: Subclinical thyroid dysfunction could be found in stroke patients with positive thyroid autoantibodies.
Subclinical hyperthyroidism and thyroid autoantibodies were associated with a poor outcome at 1 year in first-ever
acute stroke patients especially in those presented with atrial fibrillation and higher NIHSS score at admission.
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Background

Stroke is one of the most frequent causes of morbidity

and mortality worldwide with a significant clinical and

socioeconomic impact [1]. Several variables affect stroke

prognosis. Knowledge of the variables contributing to
*Correspondence: msanad@yahoo.com early neurologic deterioration after stroke can guide the
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early management strategies and lead to more favorable
outcomes [2].

Thyroid autoimmunity is a common disorder result-
ing in dysfunction (hypo-or hyper function) of thyroid
gland. Thyroid autoimmunity, especially antithyroperoxi-
dase antibody may be associated with the development
of intracranial stenosis, moyamoya disease and arterial
dissection [3-5]. These findings have been attributed to
immune-mediated inflammatory reaction and result-
ant endothelial dysfunction on the cerebral vasculature,
based on the fact that vascular tissues share some anti-
genic properties with thyroid tissues [6].

Subclinical thyroid dysfunction is a common condi-
tion among general population, including a prevalence
reaching up to 15% for subclinical hypothyroidism, and
12% for subclinical hyperthyroidism [7-10]. The cardio-
cerebral vascular system is one of the major targets of
thyroid hormones [7]. Subclinical hypothyroidism has
been found to propagate vascular risk factors, such as
hyperlipidemia [11], metabolic syndrome [12] and vas-
cular stiffness [13]. Subclinical hyperthyroidism has been
proved to promote vascular damage by facilitating hyper-
tension, maintaining hypercoagulable state and causing
endothelial dysfunction [14, 15].

It is always good to repeat the thyroid function tests
in subclinical thyroid dysfunction for confirmation or
to rule out an erroneous report. Also, there is another
important reason to repeat tests after a period of time
because in a proportion of participants spontaneous
resolution of thyroid dysfunction can occur [16]. Levels
of TSH normalized after the first repeated measurement
during the subsequent month in about 60% of patients.
Normalization of patients with subclinical hypothyroid-
ism occurred at a median time of 18 months [17].

Previous studies have evaluated the association
between subclinical thyroid dysfunction and the prog-
nosis after acute ischemic stroke, with conflicting con-
clusions [18, 19]. However, the association between both
subclinical thyroid dysfunction and autoantibodies pro-
duction with the outcome of stroke in patients with acute
cerebral stroke (ischemic and hemorrhagic) has not been
examined closely.

The aim of this study was to evaluate subclinical thy-
roid dysfunction and autoantibodies [thyroid peroxidase
autoantibodies (TPO-Ab) and thyroglobulin autoanti-
bodies (TG-Ab)] production in acute ischemic and hem-
orrhagic stroke patients and their relation to long term
stroke outcome.

Methods

This is a prospective cohort study conducted in the
period from May 2020 to May 2021. 152 patients meet-
ing the inclusion criteria of this study and admitted in
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the stroke units, intensive care units of departments
of neurology and internal medicine in Zagazig Univer-
sity hospitals during this period were included in the
study. Five patients died within 3 days after admission,
six patients had recurrent stroke during the period of
1 year follow up and three patients missed in the fol-
low up visit, so only 138 were included in the study. An
informed consent was obtained from all participants
within the study. Ethical committee of Zagazig Univer-
sity approved for performing this study.

Any acute cerebral stroke (ischemic or hemorrhagic)
patients with first-ever acute onset stroke were eligible
for the study. We excluded participants with history
of hepatic and renal failure; recurrent cerebrovascular
stroke; brain malignancy; known disease of the thyroid
gland, or medications affect function of the thyroid
(such as lithium, and glucocorticoids); endocrinal dis-
ease, inflammatory, infectious diseases; thyroid surgery,
"3lor thyroid hormone replacement therapy within the
past.

All participants of the current study were submitted
to full neurological history taking, detailed general and
neurological examinations with paying special atten-
tion on neck and thyroid examination.

Computed tomography (CT) using GE ProSpeed
Dual Slice F II CT, MX135 Tube (Cleveland, USA) and/
or magnetic resonance imaging using 1.5T MR Scan-
ner (Achieva, Philips Medical System) of the brain
was done on admission to differentiate cerebral infarc-
tion from hemorrhage and to determine the size and
site of the brain lesion. Another CT scan or magnetic
resonance imaging was performed when there was no
positive data on the admission CT scan and when the
participants met the diagnosis of recurrent cerebral
stroke with a new focal neurologic deficit to detect the
corresponding lesion on the imaging scan. The size of
lesion was determined by the largest diameter of the
lesion [20].

We collected routine laboratory investigation from
patients’ files. We obtained one venous blood sam-
ple from each participant within 48 h of stroke onset
to measure free tri-iodothyronine (FT3), free thyroxin
(FT4), thyroid stimulating hormone (TSH), thyroid
autoantibodies. Also, FT4 and TSH were measured after
1 year.

Blood samples were collected by venipuncture from
an antecubital vein before breakfast at about eight A.M.
Centrifugation of the blood was done, serums were
removed and stored at 2—8 °C until testing could be per-
formed. If the sample was not tested within 8 h of collec-
tion, it was stored at — 70 °C and tested within 1 month.
FT3, FT4, TSH were measured by electrochemilumines-
cence immunoassay [Cobas e411, Roche, Japan].
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Normal TSH levels was defined as 0.3-5.0 mIU/mL,
normal FT3 was 3.5-6.5 pmol/L, normal FT4 was 11.9—
26.0 pmol/L [3, 21].

Euthyroidism was defined as normal TSH (0.3-5.0
mlIU/mL), free T; (FT;) and FT,. Clinical hypothyroid-
ism was diagnosed as increased TSH (>5.0 mIU/mL) and
suppressed FT; and FT; subclinical hypothyroidism had
increased TSH (> 5.0 mIU/mL) with normal FT,. Clinical
hyperthyroidism was defined as low TSH (< 0.3 mIU/mL)
with elevated FT; and FT,; subclinical hyperthyroidism
was diagnosed as low TSH (<0.3 mIU/mL) and normal
FT, [22].

Serum thyroid autoantibodies were analyzed by
enzyme linked immunosorbent assay for the determina-
tion of thyroid peroxidase autoantibodies and thyroglob-
ulin autoantibodies in human serum (GenWay Biotech,
Inc).

Purified thyroglobulin antigen is bound to the wells of a
polystyrene microwell plate under conditions which will
preserve the human thyroglobulin antigen in its native
status. Diluted sera of the patient are added to separate
these wells, allowing any thyroglobulin autoantibodies
present to bind to the immobilized thyroglobulin antigen.
Unbound venous sample is washed away, and an enzyme
labeled anti-human IgG conjugate is added to every well.
Incubation allows the enzyme labeled anti-human IgG
to bind to any antibodies of the patient, which became
attached to the microwells. Then, after washing away any
unbound enzyme labeled anti-human IgG, the remaining
enzyme activity is measured by adding a chromogenic
substrate and measuring the color intensity that develops
within the wells.

Normal ranges for thyroid peroxidase autoantibod-
ies was defined as 0—60 IU/mL and normal thyroglobu-
lin autoantibodies was 0-60 IU/mL [23]. We divided
the stroke patients into two groups according to thyroid
autoantibodies. Positive thyroid autoantibody group was
defined as either thyroglobulin autoantibodies or thyroid
peroxidase autoantibodies > 60 IU /mL. Negative thyroid
autoantibody group was defined as thyroglobulin autoan-
tibodies and thyroid peroxidase autoantibodies of less
than 60 IU /mL.

The severity of the stroke was assessed by using the
National Institutes of Health Stroke Scale (NIHSS) at
admission. Severity of stroke was categorized as mild
(NIHSS score < 8), moderate (NIHSS score from 8 to 14),
and severe stroke (NIHSS score > 15) [24].

Assessment of functional outcome at 3 months and
after 1 year of stroke onset was done by using the modi-
fied Rankin Scale (mRS) that evaluates the global dis-
ability or restriction on daily activities on a 7-point
scale. It consists of six grades, with the best score is zero
(when no symptoms present), the worst scores are five
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(when severe disability present and require constant
care), and six (being dead). Poor functional outcome of
stroke patients was defined as death or disability (mRS
scores > two) [25]. The mRS was performed through the
follow up visits.

Both assessment of neurological outcome, severity of
all included participants within the study was performed
by the neurologist blinded to levels of thyroid hormones
and autoantibodies.

Statistical analysis

The data collected of this study were statistically ana-
lyzed using the Statistical Package of Social Science
(SPSS) program for Windows version 24 (Released 2016
by International Business Machines Corporation, USA).
Categorical variables were expressed as percentages and
numbers, whereas continuous data were expressed as
mean =+ standard deviation (SD). Student ¢ test or Chi-
square test was used to compare between both groups
as deemed appropriate. Independent factors associated
with long term outcome in patients presented with first-
ever acute stroke was identified by performing multiple
regression analysis and logistic regression analysis. P
value less than 0.001, 0.05 was considered as highly sig-
nificant and significant, respectively.

Results

This cross-sectional study included 138 stroke patients
with a mean age (£SD) of 64.71 years (+12.64). 108
(78%) of our patients had ischemic stroke and 30 (22%)
patients had intracerebral hemorrhage. Of the 138
patients, 47 (34%) were of the thyroid autoantibody posi-
tive group. 34 (72%) patients presented with acute first-
ever ischemic stroke were of the thyroid autoantibody
positive group. 13 (28%) patients presented with acute
first- ever intracerebral hemorrhage were of the thyroid
autoantibody positive group (Table 1).

Subclinical thyroid dysfunction among the stroke
patients was found in 46 (33%) patients. Subclinical
hyperthyroidism was found in 32 (23%) patients, and
subclinical hypothyroidism in 14 (10%) patients. Euthy-
roidism was detected in 92 (67%) patients. The patients
with positive thyroid autoantibodies were commonly
found in those with subclinical hyperthyroidism (28%),
followed by subclinical hypothyroidism (21%) and euthy-
roidism (14%).

The baseline demographics, and laboratory results
including thyroid function test of both thyroid autoanti-
body positive and thyroid autoantibody negative groups
are shown in Table 1. Higher final TSH level and higher
NIHSS score at admission was significantly observed
in the thyroid autoantibody positive group than the
thyroid autoantibody negative group (P=0.04, 0.001
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Table 1 Comparison of clinical parameters of acute stroke
patients with positive thyroid autoantibody and those with
negative thyroid autoantibody

Variables Thyroid autoantibody P value
Positive (N=47) Negative (N=91)
Age, years 64.17£12.46 64.55+10.3 0.85
Sex
Male, n (%) 21 (45%) 39(43%) 0.82
Female, n (%) 26 (55%) 52(57%)
SBP. mmHg 11694125 118434+12.23 0.49
DBP, mmHg 762+79 773492 0.49
TC, mmol/L 520£1.12 526£1.13 0.77
LDL-C, mmol/L 337+057 331+£081 0.65
HDL-C, mmol/L 1224036 1174032 041
TG, (mg/dL) 138.8+76.2 127.84+6242 0.58
Initial free T4 level 137427 14.01£24 049
(pmol/L)
Final free T4 level 149432 144431 037
(pmol/L)
Free T3 level (pmol/L)  4.11£0.75 4194073 0.55
Initial TSH level (mIU/  1.64£1.08 162£1.13 092
mL)
Final TSH level (mIU/ 398+0.58 3.74£0.69 0.04*
mL)
Type of stroke
Ischemic infarction 34 (72%) 74 (81%)
Intracerebral hem- 13 (28%) 17 (19%) 0.23
orrhage
NIHSS score at 105 8+2 0.001**
admission

BMI body mass index, SBP systolic blood pressure, DBP diastolic blood pressure,
TC total cholesterol, LDL-C low-density lipoprotein cholesterol, HDL-C high-
density lipoprotein cholesterol, TG triglycerides, T3 tri-iodothyronine, T4
thyroxin, TSH thyroid stimulating hormone, NIHSS National Institute of Health
Stroke Scale

Continuous data are represented in mean =+ standard deviation; categorical data
are represented in number and percentage

**Highly significant

respectively). The serum FT3, FT4, TSH levels and type
of stroke did not differ between both groups.

The percentages of ischemic and hemorrhagic stroke
patients who had poor outcomes (mRS was>2) at
3 months and 1 year were 73% and 59% respectively
with no significant difference between ischemic and
hemorrhagic stroke patients (Fig. 1).

As regard to clinical outcomes after 1 year of acute
stroke patients, we found that disability (P=0.001) in
the thyroid autoantibody positive group was signifi-
cantly higher compared with the thyroid autoantibody
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Outcome of acute stroke patients
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Ischemic infarction Intracerebral hemorrhage

Fig. 1 Outcome of ischemic and hemorrhagic stroke patients at
3 months and after 1 year of stroke onset

Table 2 Relation between thyroid autoantibody and poor
outcomes after 1 year in acute stroke patients

Poor outcomes after  Thyroid autoantibody Pvalue
1 year in acute stroke

patients Positive (N=47) Negative (N=91)
Mortality 10 (10%) 4 (8%) 0.69
Disability (mRS 29 (62%) 30 (33%) 0.001**

scores > two)

**Highly significant

Table 3 Multiple regression analysis for predictors of poor
outcome at 1 year among acute stroke patients

Predictors of poor outcome at one OR (95% Cl) P-value
year among acute stroke patients

Older Age 0.11(1.04-2.81) 0.01*
Hypertension 2.89(1.82-10.15) 0.04*
Atrial fibrillation 1.32(1.23-6.45) 0.02*

Hyperlipidemia 359(0.24-1038) 0.1

Current smoking 162 (0.71-3.69) 0.25
Subclinical hypothyroidism 0.97(0.28-3.33) 0.96
Subclinical hyperthyroidism 2.51(1.02-6.15) 0.04*
Higher NIHSS score at admission 18.51 (1.60-29.31) 0.001**
Positive thyroid autoantibodies 3.13(1.29-7.55) 0.01*

OR odds ratio, Cl confidence interval, NIHSS National Institutes of Health Stroke
Scale

**Highly significant; *Significant

negative group, with no difference in mortality rate at
1 year (Table 2).

Multivariable regression analysis for predictors of
poor outcome at 1 year among acute stroke patients
showed that higher NIHSS score at admission, sub-
clinical hyperthyroidism, hypertension, atrial fibril-
lation, positive thyroid autoantibodies, and older age
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were significantly associated with poor outcome among
acute stroke patients (Table 3).

Logistic regression analysis of risk factors predict-
ing poor outcome in acute stroke patients showed that
poor outcome was significantly and independently
associated with higher NIHSS score at admission
(P=0.04), positive thyroid autoantibodies (P=0.02),
subclinical hyperthyroidism (P=0.02), and atrial fibril-
lation (P=0.01) (Table 4).

Discussion

Acute stroke is a neurological emergency that can sig-
nificantly affect the brain function and induce neuroen-
docrinal abnormalities [26]. Accurate identification
of the predictors of stroke outcome might help ideal
beginning time for immediate management. So, it
is important to detect the new prognostic factors in
addition to the already known to control them at an
early stage, and help in improving outcomes of stroke
patients [2]. Identification of the relationship between
outcomes of stroke and subclinical thyroid dysfunction
and thyroid autoantibodies might aid in supporting
that thyroid dysfunction treatment might be a potential
treatment to improve outcomes in stroke patients.

In this study, we found that, subclinical hyperthy-
roidism was found in 23% of patients, and subclinical
hypothyroidism in 10% of patients. Euthyroidism was
detected in 67% of patients. The patients with positive
thyroid autoantibodies were commonly found in those
with subclinical hyperthyroidism (28%), followed by
subclinical hypothyroidism (21%) and euthyroidism
(14%). This was in agreement with Cho and colleagues,
2014 [23]. They found that stroke patients with elevated
thyroid autoantibodies were the most commonly found
in those with hyperthyroidism (27.8%), followed by
hypothyroidism (25.0%) and euthyroidism (14.0%).

Zhang and colleagues, 2019 [18]. They found that
after admission, subclinical hypothyroidism, subclinical

Table 4 Logistic regression analysis of factors predicting poor
outcome at 1 year in acute stroke patients

Risk factor of poor outcome in Odds ratio (95% P-value
acute stroke patients confidence Intervals)

Older age 06 (1.02-1.09) 0.05
Atrial fibrillation 0.20 (1.08-1.56) 0.01*
Subclinical hyperthyroidism 0.31(1.02-1.53) 0.02*
Higher NIHSS score at admission 09 (1.11-2. 36) 0.04*
Positive thyroid autoantibodies 61 (1.03-2.74) 0.02*

*significant
NIHSS National Institute of Health Stroke Scale
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hyperthyroidism and euthyroidism were found in 17%,
9.9% and 73% of stroke patients, respectively.

In concordance with the findings of Cho and col-
leagues, 2014 [23]. We found that higher NIHSS score at
admission was observed in the positive thyroid autoan-
tibody group than the negative thyroid autoantibody
group. Also, we found higher final TSH level in the posi-
tive thyroid autoantibody group than the negative thyroid
autoantibody group.

In our study, age, sex distribution, and serum FT3, FT4,
and TSH levels did not differ between positive and nega-
tive thyroid autoantibody groups. 73% and 59% of stroke
patients had poor outcomes (mRS was>2) at 3 months
and 1 year respectively with no significant difference
between ischemic and hemorrhagic stroke patients.

In the positive thyroid autoantibody group, disability
at 1 year was significantly higher compared with the thy-
roid autoantibody negative group, with no difference in
mortality rate at 1 year. These findings were in agreement
with the findings obtained by Cho and colleagues, 2014
[23].

Therefore, based on the deleterious influence of thy-
roid autoantibodies on outcome, we assume that thy-
roid autoantibodies may affect poor outcome in acute
stroke patients. This met with the finding of Zhang and
colleagues, 2012 [3]. They found that elevated thyroid
autoantibody, especially TPO-ADb, is associated with the
development of intracranial stenosis in stroke patients.

Doing multivariable regression analysis for predictors
of poor outcome at 1 year among acute stroke patients
showed that that higher NIHSS score at admission, sub-
clinical hyperthyroidism, hypertension, atrial fibrillation,
positive thyroid autoantibodies, and older age were sig-
nificantly associated with poor outcome among acute
stroke patients. By logistic regression analysis, we found
that poor outcome was significantly and independently
associated with higher NIHSS score at admission, posi-
tive thyroid autoantibodies, subclinical hyperthyroidism,
and atrial fibrillation.

In the same context Wollenweber and colleagues, 2013
[19] found that subclinical hyperthyroidism is a risk fac-
tor for poor outcome 3 months after ischemic stroke.
Because subclinical hyperthyroid patients frequently
(upwards of 50%) and spontaneously revert to the euthy-
roid state over time (1—4 years) [27], the time to follow-
up differed between our study and their study (1 year
versus 3 months).

Inconsistence with our findings, subclinical hyperthy-
roidism increases the risk of atrial fibrillation which has
an unfavorable short-term outcome. This can be attrib-
uted to that subclinical hyperthyroidism significantly
reduced fibrinolytic capacity and increased sympathetic
nervous system tone [28]. Other mechanisms to be
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considered are changes in coagulation parameters and an
increase in energy and oxygen demand, which would be
expected to impair ischemic tolerance in the brain [19].

Also, these findings were in agreement with the results
obtained by Li and colleagues, 2019 [29]. They mentioned
that stroke increasing in incidence with age and tends to
present with more severe symptoms as well as outcomes
in the elderly compared with younger patients. Aging
may also influence the prognostic value of some known
or possible predictors of outcome after stroke such as
lower levels of total T3.

Inconsistence with our findings Zhang and colleagues,
2019 [30] found that adverse clinical outcome in acute
ischemic stroke patients was significantly associated with
higher NIHSS score and older age.

Moreover, the most likely speculation of the possible
impact of thyroid autoimmunity on functional outcome
is that immune-mediated vascular damage may con-
tribute to the increased risk of poor outcome in stroke
patients, by providing insufficient cerebral blood flow
throughout the ischemic area. The presence of antigenic
sites for thyroid autoantibodies on the cerebral vascula-
ture may lead to cross-reactivity between vascular tissues
and thyroid gland [6].

Both endothelial dysfunction and immune-mediated
inflammatory reaction may be the crucial steps in the
development of atherosclerosis [31, 32]. Endothelial dys-
function and resultant impairment of cerebral perfusion
have the prognostic significance in the acute stage of
ischemic stroke [33]. Moreover, thyroid autoantibodies
were in association with the occurrence of intracranial
arterial stenosis [3].

Conclusions

Subclinical hyperthyroidism and thyroid autoantibod-
ies were associated with a poor outcome at 1 year in
first-ever acute stroke patients especially in those pre-
sented with atrial fibrillation and higher NIHSS score at
admission.

We recommend that if subclinical thyroid dysfunction
is confirmed the patient should be referred to an endocri-
nologist for further diagnostic measures and treatment.
Also, we recommend using thyroid autoantibodies values
in predicting the outcomes of acute stroke patients espe-
cially in those presented with atrial fibrillation and higher
NIHSS score at admission. These are easy methods in the
prediction of outcomes of acute stroke. Future studies are
recommended to determine whether the regulation of
thyroid autoimmunity can improve functional outcome
in stroke patients, which may help to support the possi-
bility raised by the current study.
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