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Introduction
Thyroid hormones are important in the regulation of innate immune 
responses [1]. Thyroid hormone disturbances do impact the integrity 
and working of immune cells, which is reflected in host defense status 
and associated diseases. Immune disturbances are also responsible 
for the various thyroid dysfunctions, having autoimmune aetiology. 
Autoimmune thyroiditis is the most common cause of hypothyroidism. 
Hashimoto’s thyroiditis occurs due to the inflammation caused by 
autoimmunity. Pieces of evidence have been showing the association 
of chronic inflammation with cardiovascular events [2,3]. Hashimoto’s 
thyroiditis [4,5], has been associated with an increased risk of 
atherosclerosis and cardiovascular events along with endothelial 
dysfunction caused by low-grade inflammation. Studies in the past 
have shown an association of hypothyroidism with inflammatory 
markers. Some studies have reported raised levels of proinflammatory 
markers in the hypothyroid state [6-8] while other have shown 
reduced levels of inflammatory markers in the hypothyroid state [9]. 
Inflammatory markers have a role in predicting cardiovascular risk [10]. 
Interleukin-6 (IL-6), an inflammatory marker is acting as an inducer 
for the activity of C-Reactive Protein (CRP) [11]. The CRP is a known 
marker for the diagnosis of cardiac risk [12]. Most of these studies are 
cross-sectional [6-8,13]. Thus, the present interventional study was 
conducted to see the effect of levothyroxine therapy on the levels of 
deranged inflammatory markers. 

Moreover, the role of increased cytokine levels in severe Coronavirus 
Disease 2019 (COVID-19) infection with the worst outcomes is 
well-known [14]. In the current COVID-19 pandemic, clinicians are 
concerned about the impact of COVID-19 on pre-existing illnesses 
or newly developing disease processes. Thyroid disease is also 
associated with severe COVID-19 infection [15,16]. A recent study 
reported an association between thyroid dysfunction with clinical 
severity and poorer prognosis in COVID-19 patients. The authors 
found significantly higher severe inflammation (IL-6 levels) with low 
free Triiodothyronine (fT3), levels [17].

Goyal S et al., reported a significant reduction in cognitive skills 
with hypothyroidism and the role of levothyroxine treatment on the 
restoration of various cognitive domains by using various paper 
pencil tests [18] and also by computerised automated stroop task 
for measuring cognitive inhibition among executive functions [19]. 
They found a positive correlation between cognitive impairments 
and serum Thyroid Stimulating Hormone (TSH) values. 

As one is aware of the adverse effect of inflammatory markers on 
cardiovascular events [20] and their association in COVID-19 patients 
along with thyroid dysfunctions [15,16,21-23]. The present study was 
planned on the hypothesis of higher levels of inflammatory biomarkers 
in hypothyroid patients. The present study was done to further 
confirm the available literature and to see the effect of levothyroxine 
therapy on the raised inflammatory markers in hypothyroid patients, 
who were drug-naïve on coming to Outpatient Department (OPD). 
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ABSTRACT
Introduction: Cytokines have a great significance in autoimmune 
thyroid disease. They are produced by thyroid follicular cells 
and have an indispensable role in T-cell and B-cell growth and 
differentiation. Tumour necrosis factor-alpha (TNF-α) is a cytokine 
having numerous immunological and metabolic activities and is an 
important stimulus for Interleukin-6 (IL-6) production. Interleukins 
play an important role in immune system function. Their deficiency 
causes autoimmune diseases or immune deficiency. 

Aim: To assess inflammatory markers IL-6 and TNF-α in 
hypothyroidism before and after attainment of euthyroid state by 
levothyroxine therapy and to find the correlation between serum 
levels of TNF-α and IL-6 in hypothyroid state. 

Materials and Methods: This quasi-experimental study was 
conducted in Department of Physiology at University College 
of Medical Sciences, New Delhi, India, from January 2013 to 
October 2013. Total 30 newly diagnosed hypothyroid patients 
of the age group 18-45 years formed case group and 30 age 
and sex-matched subjects formed the control group, were 
recruited for the study. The patients were given levothyroxine 
replacement therapy for three months. The inflammatory 
biomarkers level was evaluated using solid-phase sandwich 
Enzyme Linked Immunosorbent Assay (ELISA), using kits from 

Diaclone. Paired and Unpaired t-tests, respectively, were used 
for hypothyroid patients in pre-post state and between two 
groups at baseline. Serum Thyroid Stimulating Hormone (TSH) 
levels of hypothyroid patients were correlated with serum levels 
of inflammatory markers using Pearson’s correlation test.

Results: There was no statistical difference in age, sex, Body Mass 
Index (BMI) and lipid profile in the two groups. Hypothyroidism 
subjects achieved euthyroidism in three months after obtaining 
levothyroxine therapy with the mean TSH levels 26.43±10.244 vs 
3.4863±0.1963, mean free T3 levels 0.2980±0.9408 vs 1.93±0.5690 
and mean free T4 levels 0.2736±0.0973 vs 1.8986±0.2853 in 
pre-post states, respectively. Serum levels of IL-6 and TNF-α 
were significantly higher (p-value <0.001) in hypothyroid subjects 
compared to euthyroid controls. A positive correlation between 
serum levels of IL-6 (r-value=0.5778, p-value=0.0008) and TNF-α 
(r-value=0.521, p-value=0.003) with serum TSH levels were found. 

Conclusion: The study reported a significant effect of levothyroxine 
therapy in restoring serum levels of raised inflammatory markers 
among hypothyroid patients. A decrease in low-grade chronic 
inflammation after treatment showed some clinical importance as 
chronic inflammation, is known to be associated with atherosclerosis 
and cardiac disease.
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Most of the earlier studies have been done in sub-clinical hypothyroid 
patients [6-8] and they were cross-sectional. The present study was 
planned to evaluate the serum levels of inflammatory markers IL-6 
and TNF-α, and their correlation with serum TSH in newly diagnosed 
hypothyroid patients and euthyroid controls, and to compare the 
same after attainment of euthyroid state.

MATERIALS AND METHODS
This quasi-experimental study was conducted at Department of 
Physiology at University College of Medical Sciences, New Delhi, India, 
from January 2013 to October 2013 with drug-naïve 30 hypothyroid 
patients. Written informed consent was taken from all the study subjects 
and the Institutional Ethics Committee clearance was obtained.

Inclusion criteria: Patients of 18-45 years age group without having 
a previous medical history of any disease like hypertension, diabetes 
mellitus, cardiovascular risk factor, deranged lipid profile {Low-
Density Lipoprotein (LDL) cholesterol<160 mg/dL and triglycerides 
<180 mg/dL} [7], or any other systemic inflammatory diseases were 
included in the study. 

•	 Case group (n=30): To see the immediate effect of levothyroxine 
treatment on inflammatory markers, newly diagnosed hypothyroid 
patients were taken as study subjects. 

•	 Control group (n=30): Healthy euthyroid subjects with age, 
sex, BMI and lipid profile matched with the patient group were 
recruited as controls among the patient’s relatives and staff. 

Exclusion criteria: Pregnant women, subjects with BMI ≥30 kg/m2, 
smokers, alcoholics and individuals following any drug regimen were 
excluded from the study.

Study Procedure
An overnight fasting blood sample was taken. The estimation of 
serum levels of free T3 (fT3), free T4 (fT4) and TSH of the patients 
and controls were done by using Radioimmunoassay (RIA) kit from 
Immunotech Bechmancoulter. Following are the normal hormonal 
ranges of the laboratory:

•	 TSH: 0.17-4.0 μIU/mL

•	 fT4: 0.95-2.23 ng/dL

•	 fT3: 1.5-5 pg/mL

On centrifuging the blood, obtained serum was stored at -80˚C until it 
was processed for inflammatory markers measurement. Serum IL-6 
and TNF-α were detected by solid-phase sandwich Enzyme Linked 
Immunosorbent Assay (ELISA), using kits from Diaclone. Biochemical 
markers were assessed in hypothyroid patients at the time of diagnosis 
and after the attainment of a euthyroid state, as suggested by the 
normalisation of thyroid hormones with levothyroxine replacement 
therapy for three months duration. Controls were assessed only 
once, due to financial constraints. Serum TSH levels of hypothyroid 
patients were correlated with serum levels of inflammatory markers.

STATISTICAL ANALYSIS
Statistical Package for the Social Sciences (SPSS) version 20.0 was 
used for data analysis. All the baseline parameters were expressed 
as mean and standard deviation. Biochemical measures were 
compared at the initial and final level by paired t-test and between 
cases and controls at baseline by Unpaired t-test. Pearson’s 
correlation test was used for correlation between serum TSH, IL-6 
and TNF-α. A p-value <0.05 was considered significant.

RESULTS
There was no statistical difference in age, sex, BMI and lipid profile 
in the two groups [Table/Fig-1]. Serum TSH was significantly higher 
(p-value <0.001) 26.43±10.244 vs 3.18±0.855 μIU/mL while serum fT3 
0.2980±0.9408 vs 2.35±0.585 pg/mL and serum fT4 0.2736±0.0973 
vs 1.957±0.2796 ng/dL were significantly lower (p-value <0.001) in 
hypothyroid patients than controls. All patients were euthyroid after 

three months of levothyroxine replacement therapy. Significant 
decrease (p-value <0.001) in the TSH level (from 26.43±10.244 
to 3.4863±0.1963 µ Iu/mL) was seen in cases after three months. 
The fT3 from 0.2980±.09408 to 1.93±0.5690 pg/mL and fT4 from 
0.2736±0.0973 to 1.8986±0.2853 ng/dL levels showed significant 
increase (p-value <0.001) post levothyroxine replacement therapy.

Parameters
Case group 
(Mean±SD)

Control group 
(Mean±SD) p-value

Age (years) 31.67±8.405 31.00±8.004 0.754

Gender (Male/Female) 1/29 1/29 1.00

BMI (kg/m2) 23.11±3.17 22.91±1.23 0.328

TSH (μIU/mL) 26.43±10.244 3.18±0.855 <0.001*

fT3 (pg/mL) 0.2980±.09408 2.35±0.585 <0.001*

fT4 (ng/dL) 0.2736±0.0973 1.957±0.2796 <0.001*

Total cholesterol (mg/dL) 195.67±16.57 191.33±23 0.085

Triglycerides (mg/dL) 117.23±23.23 114.54±16.21 0.079

High-density lipoprotein (mg/dL) 43.67±12.23 45.32±11.31 0.080

Low-density lipoprotein (mg/dL) 139.06±23.41 136.07±22.67 0.202

[Table/Fig-1]:	 Baseline characteristic between case group and control group.
*p-value <0.05 was considered as statistically significant

Groups

IL-6 (pg/mL)

p-value 
(Paired t-test)

Before 
(Mean±SD)

After 
(Mean±SD)

Cases 5.53±0.950 4.57±0.734

<0.001*Controls 4.49±0.839 -

p-value (Unpaired t-test) <0.001 -

[Table/Fig-2]:	 Comparison of serum level of IL-6 (pg/mL) between case group and 
control group.
*p-value <0.05 was considered as statistically significant

Hypothyroid patients had significantly higher serum IL-6 and 
TNF-α values than control subjects. Mean serum IL-6 5.53±0.950 
vs 4.57±0.734 pg/mL and mean TNF-α levels 15.43±1.568 vs 
13.81±1.587 pg/mL were significantly decreased in hypothyroid 
patients after attaining euthyroidism [Table/Fig-2,3]. Serum TSH 
values were positively correlated with their serum IL-6 (r-value=0.5778, 
p-value=0.0008) and TNF α (r-value=0.521, p-value=0.003) values in 
hypothyroid patients [Table/Fig-4,5]. 

Groups

TNF-α (pg/mL) 

p-value 
(Paired t-test)

Before 
(Mean±SD)

After 
(Mean±SD)

Cases 15.43±1.568 13.81±1.587

0.0006*Controls 13.2393±1.272 -

p-value (Unpaired t-test) <0.001 -

[Table/Fig-3]:	 Comparison of serum level of TNF-a (pg/mL) between case group 
and control group.
*p-value <0.05 was considered as statistically significant

[Table/Fig-4]:	 Correlation of IL-6 with serum TSH levels.
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DISCUSSION
Present findings have supported the hypothesis of association 
of hypothyroidism with increased inflammatory markers levels 
compared to the control group and which can be a reason for 
cardiovascular risk in hypothyroid patients. In the present study, 
both case and control groups were age, sex, BMI and lipid profile 
matched and there was no history of any kind of inflammatory 
disease, proving that the inflammatory findings in the hypothyroid 
group was not having any pre-existing pathology. Inflammatory 
markers levels decreased after levothyroxine therapy in drug-naïve 
newly diagnosed hypothyroid patients showed the role of early 
diagnosis and hormone replacement therapy in reversing the future 
risk of cardiovascular disease, which can arise due to the prolonged 
hypothyroid state [6]. 

Previous studies have shown conflicting results regarding hypothyroid 
state and deranged inflammatory markers [7-9]. This study reported 
that serum levels of IL-6 and TNF-α were significantly higher in 
hypothyroid patients than euthyroid controls. This is in concurrence 
with Taddei S et al., who reported patients with hypothyroidism, 
were having low-grade chronic inflammation, which was approved 
by a significant rise in high sensitive CRP and IL-6 [7]. The author 
suggested the increased risk of atherosclerosis and ischaemic heart 
disease in hypothyroidism may be due to endothelial dysfunction 
caused by low-grade chronic inflammation. A significantly higher 
concentration of IL-6 and TNF-α in sub-clinical hypothyroid patients 
was supported by Turemen EE et al., [8]. Contrary to present 
findings, in a study done by Kilziltunc A et al., hyperthyroid patients 
had increased serum levels of the cytokines IL-6 and TNF-α and 
hypothyroid patients had decreased levels of IL-6 and TNF-α [9]. 
Lakatos P et al., found increased IL-6 levels in hyperthyroid women. 
However, hypothyroidism did not significantly reduce serum IL-6. 
Serum IL-6 normalised on remission of the disease indicated that it 
was related to follicular cell damage [13].

The present study found a significant positive correlation between 
serum levels of TSH and inflammatory markers in hypothyroid 
patients. Gupta G et al., also reported a significant increase in IL-6 
levels in sub-clinical hypothyroid patients than in healthy euthyroid 
controls and was positively correlated with serum TSH levels [6]. 
Davies PH et al., found a significant negative correlation between 
serum total T3 and IL-6 and total T4 and IL-6 [24]. Thyroid-
stimulating hormone stimulates the release of IL-6 in adipocytes 
[25]. IL-6 has a key role in the early stages of inflammation and 
also plays a modulator in the course of atherogenesis. It helps in 
speeding up atherogenesis via producing CRP by liver [26]. TNF-α 
is involved in systemic inflammation and also stimulates the acute 
phase reaction. It is also an important stimulus for IL-6 production 
[27]. It acts at each level of the hypothalamic-pituitary-thyroid axis 
to produce various changes in the axis [28,29]. TNF-α receptors are 
present in thyroid follicular cells and are implicated in the cytotoxic 
mechanisms causing thyroid destruction in autoimmune thyroid 
disease [30].

Patients attained euthyroid status after levothyroxine therapy and 
there was a significant decrease in the IL-6 and TNF-α levels. These 
findings were supported by Tayde PS et al., IL-6 and TNF-α were 
significantly elevated in hypothyroid cases compared to healthy 
controls and after treatment with levothyroxine, all the markers 
were reduced significantly [31]. Diez JJ et al., also reported a 
significantly higher level of TNF-α in patients with hypothyroidism 
but did not normalise after the normalisation of thyroid functions 
[30]. Contrary to this, the present study group was newly diagnosed 
hypothyroid patients, who restored raised inflammatory markers 
after levothyroxine therapy, proving the role of early treatment in the 
resumption of normal levels of markers. 

Limitation(s)
The inflammatory markers were not tested twice in the control 
group and the small sample size was the main limitation of this 
study. Further studies are required with more sample size and other 
inflammatory markers as well to highlight the mechanistic process 
of the disease.

CONCLUSION(S)
It was found that the hypothyroid state is associated with raised 
inflammatory markers. Levothyroxine replacement therapy has a 
role in reversing the adverse situation of hypothyroidism by restoring 
raised inflammatory markers. This can be useful to the clinicians 
as the role of the early diagnosis and treatment on the restoration 
of raised inflammatory markers and chronic inflammation in newly 
diagnosed hypothyroid patients. Chronic inflammation seems to 
be associated with an increased risk of cardiovascular disease so 
treating the chronic inflammation with levothyroxine in hypothyroidism 
patients, can be saved from the risk of cardiac diseases in turn. 
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