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Effects of Nonthyroidal Illness Syndrome on Functional Outcomes in Patients with Stroke 
ABSTRACT
Background: Nonthyroidal illness syndrome (NTIS) is generally regarded as part of the adaptive host neuroendocrine and metabolic response to survive critical illness. Studies have shown that low T3 levels following acute stroke are associated with more severe stroke, higher mortality rates and poor prognoses. However, studies specifically examining the effects of NTIS on functional outcomes after stroke remain limited.  
Objectives: The purpose of the study was to investigate the effect of nonthyroidal illness syndrome (NTIS) on functional outcomes in patients with stroke.
Materials and Methods: The study included 204 (116 women, 88 men) patients with stroke due to cerebrovascular events. Acute and subacute stroke patients were included. Patients who had thyroid disease, severe liver disease and those diseases that lead to metabolic abnormalities were excluded. Demographic and clinical data were recorded. Serum fT3, fT4 and TSH levels were investigated at admission. The Functional Independence Measure (FIM) was used for functional assessment at admission and at discharge.
Results: NTIS was identified in 60 of 204 patients (29.4%). Patients with NTIS (group 1) and without NTIS (group 2) had similar demographic characteristics (p>0.05). Admission (p=0.006) and discharge (p=0.005) FIM values of group 1 patients were statistically lower than group 2 patients. There was no significant difference between the groups in terms of FIM gain (FIM discharge-FIM admission) scores (p=0.425). In contrast, the length of hospital stay of the patients in group 1 (45.20± 8.97 days) was found to be significantly longer (p=0.01) than group 2 (34.02±10.56 days).
Conclusion: The functional status of patients with NTIS was worse than patients with non-NTIS both at hospital admission and at discharge. Benefits derived from the rehabilitation program were similar in both groups; however, NTIS prolonged the duration of rehabilitation in patients with stroke.
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INTRODUCTION
Non-thyroidal illness syndrome (NTIS), or euthyroid sick syndrome, is characterized by abnormal thyroid hormone levels that are seen in the setting of a nonthyroidal illness, without preexisting hypothalamic-pituitary and thyroid gland dysfunction 
 ADDIN EN.CITE 
[1, 2]
. The most common finding is decreased plasma free triiodothyronine (fT3) levels together with normal plasma free thyroxine (fT4) and thyroid-stimulating hormone (TSH) levels. The hallmark of this condition is a significant reduction in T3 hormone levels, hence it is often referred to as low-fT3 syndrome [31,32]. fT4 levels might decrease in relation with the severity of the underlying disease 
 ADDIN EN.CITE 
[1, 3, 4]
. Non-thyroidal illness syndrome is now more commonly used to describe the typical changes in thyroid-related hormone concentrations that can arise in the serum following any acute or chronic illness that is not caused by an intrinsic abnormality in thyroid function 
 ADDIN EN.CITE 
[5, 6]
. 
In the pathophysiology of the NTIS, both peripheral and central causes were found to be responsible. The main pathophysiological mechanism is the decrease in the activities of the enzymes 5-monodeiodinase I and II that are responsible for the conversion of fT4 to fT3 in peripheral tissues 


[7] ADDIN EN.CITE . Cytokines, specifically interleukin 6, tumor necrosis factor α and nuclear factor kappa β activation, were shown to be influential in the development of NTIS 
 ADDIN EN.CITE 
[8-11]
. Moreover, NTIS could appear as a form of central hypothyroidism. It is still controversial whether these changes are physiological responses to the underlying disease or an impaired adaptation. Nonthyroidal illness syndrome can be observed during the course of severe diseases like malnutrition, sepsis, liver disease, renal failure, trauma, uncontrolled diabetes and following a surgical procedure [12]. The presence of NTIS is related to the severity of the disease and is reported to increase mortality 
 ADDIN EN.CITE 
[4, 13]
. Stroke, on the other hand, is the second leading cause of disability and mortality worldwide and adds to economic and social burdens, especially among the elderly. Most stroke populations have one or more comorbidities such as renal diseases, hypertension, diabetes, and cancer. Comorbidities not only increase the likelihood of developing a stroke but also worsen stroke prognosis, especially for those aged [33]. When the literature is reviewed for stroke and NTIS, most of the studies point out the fact that low T3 levels following acute stroke are associated with more severe stroke, higher mortality rates and poor prognoses 
 ADDIN EN.CITE 
[14-16]
. Nevertheless, the number of studies focusing on the effects of NTIS on functional outcomes after stroke is quite limited 
 ADDIN EN.CITE 
[17-19]
. The primary objective of the study is to analyze the effects of NTIS on functional outcomes in stroke patients. 
MATERIAL AND METHODS
Patients
This study was carried out at the Ankara Physical Medicine and Rehabilitation Training and Research Hospital, which is, with a capacity of 250 beds, one of the largest national rehabilitation centers in Turkey. Stroke patients constitute approximately 50% of the whole patient population at the hospital. Two hundred four patients (within three years) who had developed stroke due to cerebrovascular events and who were in acute and subacute stages of the disease were included in this study. Patients with a previous history of stroke, thyroid disease, severe liver disease, severe kidney disease, and those undergoing dialysis, those with uncontrolled diabetes, patients using medications that might affect thyroid hormone metabolism, and those who have other diseases causing metabolic abnormality (e.g., cancer) were excluded from the study. Informed consent was obtained from all patients or the relatives of the patients. The study protocol was approved by Ankara Physical Therapy and Rehabilitation Training and Research Hospital Ethics Committee (no:2017-08/271). 
Demographical (age, sex) and clinical (disease duration, the side of the stroke, the etiology of the stroke) data were recorded. Stroke etiology was recorded as hemorrhagic and ischemic and the length of rehabilitation was recorded as days. Based on the stroke duration, patients were divided into two groups as acute (0-1 month) and subacute (1-3 months). 
Laboratory parameters
Serum fT3, fT4 and TSH levels were measured during the first 48 hours of hospital admission, venous blood samples were obtained during morning hours and fT3, fT4 and TSH levels were measured with the radioimmunoassay method. Based on the laboratory data, for sT3 2-45 gr/ml, for sT4 0.9-1.7 gr/dl and for TSH 0.3-4.2 qgr/ml were accepted as normal levels. If the patients had fT3 levels (fT3<2 gr/ml) below normal reference values or low fT4 levels (fT4<0.9-1.7 gr/dl) together with low fT3 and normal TSH levels, this qualified as NTIS. Based on these criteria, patients were divided into two groups as those with NTIS and those without NTIS and the comparisons were made among these two groups. 
Functional parameters
Functional outcome was assessed using the Functional Independence Measurement (FIM). FIM consisted of 6 subtests (self-care, sphincter control, transfer, locomotion, communication, and social cognitive ability) with a maximum total score of 126. Functional Independence Measurement was adapted to the Turkish population by Küçükdeveci et al [20]. Within the first 48 hours of hospital admission and during the discharge from the hospital, the same individual who did not know whether the patient had NTIS or not applied the FIM. 
Statistical Analysis
SPSS Statistics 16.0 (SPSS, Chicago, IL, USA) was used for statistical analyses. A power analysis using the Gpower computer program indicated that a total sample of 56 people would be needed to detect large effects (d=0.8) with 90% power using a t-test between means with alpha at 0.05. A total sample of 43 people would be needed to detect a large effect (d=0.5) with 90% power using chi-square [21]. Descriptive statistics were applied in the analyses. The Shapiro-Wilk test was used to analyze whether the distribution of continuous variables was normal. Descriptive statistics were presented as mean ± standard deviation. The significance of the differences between the groups for means was assessed with independent sample t-test. The Chi-square test was used to compare the categorical data of both groups. The Mann-Whitney test was applied to compare the continuous variables between two groups. Pearson correlation analysis was used to identify the relationship between serum fT3 values and other parameters (age, duration of disease, length of rehabilitation, FIM at admission, FIM at discharge and FIM gain values). Multiple regression analysis was performed on age, sex, disease duration, stroke side, etiology of stroke, fT3, fT4, TSH and FIM values at admission and discharge. A p-value of <0.05 was considered statistically significant. 

RESULTS
Of the 204 patients included in the study, 116 were women (56.9%), and 88 were men (43.1%). The mean age of the patients was 63.82±11.86 (26-85) years. One hundred eighty-four (90.2%) patients had ischemic stroke, and 20 (9.8%) had hemorrhagic stroke. Eighty-eight (43.1%) patients had right hemiplegia, and 116 (56.9%) had left hemiplegia. Based on the stroke duration, 92(45.1%) were during acute stage and 112 (54.9%) were in the subacute stage. 

Based on serum fT3, fT4 and TSH levels, 60 (29.4%) out of 204 patients were identified to have NTIS. The distribution of the demographic and clinical features of the patients with NTIS (Group 1, n:60) and without NTHS (Group 2, n:144) is presented in Table 1. When we analyze Table 1, we see that the length of rehabilitation stay for patients with NTIS is significantly longer than those without NTIS (p=0.01). For NTIS patients, FIM values at admission (p=0.006) and at discharge (p=0.005) were significantly lower than those of patients without NTIS; however, there was no significant difference between the two groups according to FIM gain values (p=0.425). The distribution of Brunnstrom Stages of Motor Recovery for patients with or without NTIS was not different (upper, lower extremity) (p>0.05). 
The correlation between serum fT3 values and age, duration of disease, length of hospitalisation, FIM at admission, FIM at discharge and FIM gain values was analysed with Pearson correlation analysis. There was a linear, negatively significant and weak correlation between fT3 values and the length of rehabilitation stay (r=-0.429, p=0.002). Additionally, There was a linear, positively significant and weak correlation between FIM at admission (r=0.333, p=0.01) and FIM at discharge (r=0.304, p=0.03). There was no significant correlation between fT3 values and other parameters (p>0.05) (Table 2). 
The distribution of the demographical and clinical features of patients in the acute and subacute stage and the means of fT3, fT4, TSH levels and their significance levels are given in Table 3. There was not any difference between patients with acute and subacute stroke for the parameters concerned. Twenty (21.7%) patients with acute stroke, 40 (66.7%) patients with subacute stroke were identified to have NTIS. 
When multiple regression analysis was performed on age, sex, disease duration, stroke side, etiology of stroke, Brunnstrom Stages of Motor Recovery, fT3, fT4, TSH and FIM values at admission and discharge that can influence the length of rehabilitation stay, multiple correlation coefficient was R=0.711, descriptiveness coefficient was R2=0.505 and the model was statistically significant (p=0.005). Of the parameters concerned, only the effects of fT3 on the length of rehabilitation stay were found to be statistically significant in this model (p=0.004). FIM value at discharge was regarded as a dependent variable; in the multiple regression analysis including other parameters, the multiple correlation coefficient was R=0.948, the descriptiveness coefficient was R2=0.866 and the model was statistically significant (p=0.001). Of the parameters concerned, only the effect of the length of rehabilitation on FIM values at discharge was found to be statistically significant in the model (p=0.003). 

DISCUSSION
The aim of the study was to evaluate whether NTIS had any effect on functional outcomes in patients with stroke. Based on the results of this study, the functional status of the patients both at the time of hospital admission and at the time of discharge was less favorable for patients with NTIS compared to those without NTIS. The gain obtained from the rehabilitation program was similar in both groups; however, patients with NTIS required a longer hospital stay to achieve the same gain. There is a limited number of studies investigating the effects of thyroid hormones on functional results in stroke patients. In the study by O’Keefe et al, in ischemic stroke patients, low fT3 levels were associated with less favorable functional results at the time of hospital discharge, at three and twelve months following the stroke. In assessments made at twelve months, patients with higher fT3 levels were found to be more independent[17]. A review of the literature revealed that three studies had previously evaluated functional outcomes based on the Modified Rankin Scale (mRS), the National Institutes of Health Stroke Scale (NIHSS), and/or Barthel scores. The findings of these studies indicated that patients with low fT3 were more likely to exhibit negative functional outcomes until or during discharge 
 ADDIN EN.CITE 
[22-24]
.
One of the important findings of our study was that stroke patients with NTIS had longer hospital stays. The reason is that to obtain similar functional gains as patients without NTIS, patients with NTIS required rehabilitation programs of longer duration. As we did not come across any study focusing on the effects of NTIS on the duration of rehabilitation in stroke patients, we think that this study will make an important contribution to the literature. 
When the current literature is reviewed for stroke and NTIS, the studies are mostly performed on acute stroke patients investigating the correlation between the presence of NTIS and the severity of the stroke, mortality and prognosis. On this topic, the highest number of patients is found in the study by Alevizaki et al. [14]; in this study, 56% of patients with acute stroke had low fT3 levels. As established in preceding studies, fluctuations in serum fT3 levels occur during the acute phase of stroke 


[23, 25] ADDIN EN.CITE . However, in this study median fT3 level was taken as a cut-off and levels below this were considered as low. In our study, we identified NTIS in 21.7% of the patients with acute stroke and 66.7% of patients with subacute stroke. Yet, we might have obtained these results as ours was not a prevalence study and as we had a low number of patients. On the other hand, a study from our country reported low fT3 levels in 16.23% of the patients with acute ischemic stroke [26].
In our study, the patients with or without NTIS did not differ in terms of age. Alevizaki et al. reported that patients with low fT3 were statistically significantly older (69.9±11.5 years) [14]. Zhang and Meyer published that patients with low fT3 were somewhat older (68.1±12.7 years); however, this was not at the level of statistical significance [15]. The fact that the mean age (63.82±11.86 years) in our study was lower than both of these studies might have led to this result. In our study, based on stroke etiology, ischemic patients had a higher rate of NTIS, but the difference between the patients with hemorrhagic stroke was not statistically significant. When interpreting this data, we should pay attention to the fact that we had less number of hemorrhagic patients. Similar results were reported in the study by Alevizaki et al. who found no difference in fT3 values between patients with hemorrhagic and ischemic stroke [14].
The issue of whether to treat NTIS or not has not been clarified. Low fT3 levels that accompany critical disease are interpreted as an adaptive response to the stress, aiming at reducing tissue requirements. However, there are views that this can also be regarded as maladaptive because it causes damage due to tissue hypothyroidism 
 ADDIN EN.CITE 
[3, 27]
 [28]. Under these circumstances, there has not been a consensus on treating NTIS or not 
 ADDIN EN.CITE 
[13]
.  Having a better understanding of the pathophysiological mechanisms might help us in the future in this regard. In experimental studies, with the administration of exogenous thyroid hormones in rats, the mRNA and the secretion of brain-derived neurotrophic factor, known to be important in the regeneration of the nervous system, were identified to have increased 
 ADDIN EN.CITE 
[29]
. Doshi et al. (2023) conducted a study on rats, the results of which demonstrate that exogenous T3 hormones exacerbate global cerebral ischaemia-reperfusion injury 


[30] ADDIN EN.CITE . In stroke patients, we need studies investigating the effects of the administration of exogenous thyroid hormone on mortality and prognosis during the acute stage and on functional results during the subacute and chronic stages of the disease process. 
The limitations of this study include the lack of long-term follow-up to observe changes in functional outcomes and thyroid hormone levels.  
Table 1: Demographical and clinical characteristics of patients with stroke with non-thyroidal illness syndrome (Group 1) and without non-thyroidal illness syndrome (Group 2), and mean and significance levels of fT3, fT4, TSH levels.

	
	Group 1 (n=60)
	Group 2 (n=144)
	p

	Age (year)
	64.80±7.97
	63.41±13.23
	0.70#

	Gender n (%)

Female


Male 
	36 (60)

24 (40)
	80 (55.6)

64 (44.4)
	0.770^


	Disease duration (day)
	53.26±23.27
	53.05±30.87
	0.98#

	Stroke side n (%)

Right 

Left 
	24 (40)

36 (60)
	64 (44.4)

80 (55.6)
	0.770^

	Stroke etiology n (%)

Ischemic

Hemorrhagic
	56(93.3)

4 (6.7)
	128(88.9)

16(11.1)
	0,627^

	fT3 (gr/ml)
	1.46±0.15
	2.32±0.30
	0.001#*

	fT4 (gr/dl)
	1.42±0.52
	1.38±0.86
	0.087#

	TSH (qgr/ml)
	2.0±1.40
	1.53±0.95
	0.168#

	Length of rehabilitation (day)
	45.20±18.97
	34.02±10.56
	0.01#*

	FIM admission
	62.33±14.77
	80.41±22.37
	0.006#*

	FIM discharge
	75.66±17.53
	92.22±18.42
	0.005#*

	FIM gain
	13.33±6.75
	11.30±8.71
	0.42#


*: p<0.05 statistically significant
#: Independent sample t test

^: Chi-square test

Table 2: Correlation between serum fT3 level and age, disease duration, length of hospital stay, FIM, admission, FIM discharge and  FIM gain. 

	
	fT3

	
	r
	p #

	Age
	-0.048
	0.73

	Disease duration
	0.081
	0.57

	Length of rehabilitation
	-0.429
	0.002*

	FIM admission
	0.333
	0.01*

	FIM discharge
	0.304
	0.03*

	FIM gain
	-0.168
	0.23


*: p<0.05 statistically significant 

#: Pearson correlation analysis
Table 3: Distribution of demographic and clinical characteristics of stroke patients in acute and subacute periods and fT3, fT4, TSH means and significance levels.

	
	Acute (n=92)
	Subacute (n=112)
	p

	Age (year)
	65.04±12.50
	62.82±11.44
	0.51#

	Gender n(%)

Female


Male 
	60 (65.2)

32 (34.8)
	56 (50)

56(50)
	0.27^


	Stroke side n (%)

Right 

Left 
	48 (52.2)

44 (47.8)
	40 (35.7)

72 (64.3)
	0.23^

	Stroke etiology n (%)

Ischemic

Hemorrhagic
	76 (82.6)

16 (17.4)
	108 (96.4)

4 (3.6)
	

	fT3 (gr/ml)
	2.11±0.4
	2.03±0.53
	0.52#

	fT4 (gr/dl)
	1.25±0.32
	1.51±0.99
	0.24#

	TSH (qgr/ml)
	1.61±o.99
	1.72±1.21
	0.74#

	Length of rehabilitation (day)
	35.0±8.0
	39.21±17.88
	0.30#


#: Independent sample t test

^: Chi-square test

Conclusion

In conclusion, NTIS adversely affects the functional results of stroke patients. Functional results of the stroke patients with NTIS before starting a rehabilitation program and at the time of discharge from the hospital are lower than those of the patients without NTIS. Therefore, patients with NTIS necessitate rehabilitation programs of longer duration than patients without NTIS. Evaluating thyroid hormone levels of stroke patients before initiating rehabilitation programs would allow for anticipating functional results and planning for the length of hospital stay. The issue of whether to administer a treatment geared at NTIS in such patients is still controversial, requiring further research on this subject matter. 
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