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ABSTRACT

Hypothyroidism is a condition that occurs when the thyroid gland fails to produce an
adequate amount of the hormone thyroid, as a result of various factors such as hypothalamic
or pituitary gland disease, common tissue resistance to thyroid hormones, and thyroid gland
diseases. Hypothyroidism is the most prevalent thyroid disorder. Interleukin (IL)-33 is a
nuclear cytokine of the IL-1 family members that is abundantly expressed during homeostasis
and inflammation in endothelial, epithelial, and fibroblast-like cells. It is worth noting that
higher IL-33 levels have been associated with insulin resistance. The purpose of the study was
to examine the correlation between insulin resistance and IL-33 in patients with
hypothyroidism. In this case-control study, 180 people were recruited and split into three
categories: those with overt hypothyroidism (60), those with subclinical hypothyroidism (60),
and those who were otherwise healthy control (60). There were of a similar age range to the
patient, with 55.5% female participants and 44.5% male participants. Standard ELISA kits
assess insulin, IL-33, thyroid stimulating hormone (TSH), thyroxine (T4), and triiodothyronine
(T3). The healthy control group showed lower serum IL-33 levels than individuals with both
overt and subclinical hypothyroidism. Compared to the healthy control group, all
hypothyroidism groups had higher BMI, serum TSH, fasting glycemic glucose (FSG), insulin,
triglyceride (TG), cholesterol levels (Chol), very low-density lipoprotein (VLDL), bad
cholesterol (LDL), IL-33, and homeostatic model assessment of insulin resistance (HOMA-IR).
In hypothyroid patients, IL-33 levels were negatively correlated with HOMA-IR and HDL-C
and positively correlated with body mass index, TSH, FSG, insulin, HOMA-IR, total
cholesterol, LDL, and total cholesterol. Increased levels of circulating IL-33 in the serum of
patients with hypothyroidism are linked to alterations in lipid profiles and HOMA-IR.
Hypothyroid patients, especially those with obvious symptoms showed elevated levels of IL-
33, suggesting a possible role for this cytokine in detecting the metabolic shifts that precede
these complications.

INTRODUCTION

Hypothyroidism is defined as any condition that results in a lack of thyroid hormones,
which may due to hypothalamic or pituitary disease, widespread tissue resistance to
thyroid hormones, or thyroid gland problems [1]. Approximately 5% of the population
has hypothyroidism, with an additional 5% estimated to be undiagnosed. Primary
hypothyroidism affects more than 99.99 percent of patients [2]. Subclinical
hypothyroidism is a form of primary hypothyroidism characterized by an increased
thyroid stimulating hormone (TSH) level and normal levels of free thyroxine (T4) and
triiodothyronine (T3) in the blood. The transition from subclinical to overt
hypothyroidism occurs in about 2-5% of cases annually [3]. If untreated,
hypothyroidism can cause high blood pressure, abnormal lipid profiles, infertility,
mental decline, and muscle weakness.
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Aging is a significant factor in hypothyroidism, and this disease is more common in
women than in men [4]. Thyroid dysfunction alters the composition and transport of
lipoproteins [5]. Thyroid hormones also stimulate the catabolism of low-density
lipoprotein (LDL) particles by activating LDL receptors. This is because the promoter of
the LDL receptor gene contains a thyroid hormone responsive region that allows T3 to
up-regulate LDL receptor gene expression [6]. Thyroid hormones influence glucose
metabolism and the development of insulin resistance. According to the evidence,
insulin resistance of peripheral tissues predominates in hypothyroidism [7]. Thyroid
gland autoimmune diseases are thought to be the most common cause of thyroid gland
problems. There are two kinds of autoimmune thyroid diseases: autoimmune
thyroiditis (AIT) and Graves' disease. The AIT includes the most T cells, which can
cause thyrotoxicosis at first and hypothyroidism later due to thyroid gland destruction
[8]. Autoimmune disease develops when the immune system incorrectly targets a
person's tissue, resulting in organ destruction or dysfunction. Autoimmune diseases are
the most common reasons for death in women between the ages of 15 and 44, according
to reports. Autoimmune diseases are frequently caused by a combination of genetic
factors, environmental influences, and abnormal immunity, which may include
infections [9].

Interleukin-33 (IL-33) is a nuclear cytokine that belongs to the IL-1 family and has been
shown to be highly expressed in endothelial, epithelial, and fibroblast-like cells during
homeostasis as well as inflammation [10]. IL-33 production promotes the progression of
inflammation following damage to cells or death, and it is capable of stimulating
several immune system effectors and regulating a wide range of immune responses [11].
The release of biologically active IL-33 occurs when a cell undergoes either apoptosis or
necrosis [12, 13]. Autoimmune diseases are characterized as self-reactive immune
disorders that cause the body to attack its own tissues. The most prevalent autoimmune
diseases include rheumatoid arthritis (RA), inflammatory bowel disease (IBD), multiple
sclerosis (MS), systemic lupus erythematosus (SLE), systemic sclerosis (5Sc), psoriasis,
type 1 diabetes (T1D), uveitis, and autoimmune thyroid disease (AITD) [8]. These
diseases are a concern for public health because they are long-lasting and incurable,
causing not only significant individual suffering but also significant costs to society.
Thus, the purpose of the study was to examine the correlation between insulin
resistance and IL-33 in patients with hypothyroidism.

MATERIALS AND METHODS
Selection of patients

A total of 180 participants were included in the case-control study. 120 patients with
hypothyroidism, of which 20 were male and 100 were female. Since laboratory testing is
the primary factor in diagnosing hypothyroidism, the patients with the condition were
separated into two distinct subgroups: overt hypothyroidism (OH, 60 patients), and
subclinical hypothyroidism (SCH, 60 patients). Patients with overt hypothyroidism are
diagnosed with the condition when their serum TSH levels are elevated while their T4
and T3 levels are deficient. Milder forms of hypothyroidism patients who have a
normal serum T4 and T3 concentration but a high serum TSH concentration (greater
than 4.5 IU/ml), may have a mild form of hypothyroidism. Also, the study was carried
out with the formation of histories of patients including anthropometric measurements
(ages, sex, body mass index, weight, and height) within age 18-55 years, compared with
60 individuals who served as a healthy control (HC) group and were matching with
patients in age and sex. Patients who had a thyroidectomy because of cancer, patients
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who were anemic, patients who had any kind of obvious systemic disease or chronic
disease, and patients who were taking any kind of medication that could potentially
affect lipid metabolism were not allowed to participate in this study. The study was
carried out in a specialized center for Al-Hakeem hospital in the Iraqi province of Al-
Najaf between the months of October 2022 and February 202. The research was
approved by the University of Kufa's institutional ethics board (8298/2022). All controls
and patients as well as their guardians (parents or other close family members) gave
written informed consent prior to participation in this study.

Calculation of body mass index

According to body mass index (BMI) was calculated by taking an individual's weight in
kilograms and dividing it by their height in meters squared [14]. The formula for BMI is
weight in kilograms divided by height in meters squared.

Serological assays

After fasting for a period of 12 hours, blood samples were collected via venipuncture
and placed in gel tubes for later analysis. Separating the serum required 15 minutes of
centrifugation at 3000 xg followed by storage at -20°C until use. Using the ELISA kit
(Melsin Medical Co Company, China), levels of insulin, total triiodothyronine (T3), total
tetraiodothyronine (T4), and thyroid stimulating hormone (TSH) were determined.
While the enzymatic method (kits from BIOLABO, France) was used to determine HDL,
total cholesterol, and triglyceride (TG) levels. The method was used to determine the
levels of glucose in the serum while the subject was fasting. The following is how the
insulin resistance index, also known as the homeostatic model assessment for insulin
resistance (HOMA-IR), was calculated:

HOMA IR = [glucose (mg/dl) * insulin (U/ml) / 405
HOMA-{ percentage =360 insulin/ (Glucose - 63) [15]

Low density lipoprotein cholesterol (LDL-C) was measured by the indirect method
using Fried Ewald equation [16]

LDL-C= total cholesterol — (HDL-cholesterol + VLDL cholesterol).
LDL-C = total cholesterol - (HDL-cholesterol + TG/5)

Statistical analysis

A Kruskal-Wallis test was carried out on the data by using SPSS v27 software (which
was developed by SPSS Inc. and is based in Chicago, Illinois, United States) in order to
determine whether or not there were differences between the research variables. In the
cases where the p-values were either less than 0.05 or less than 0.01, respectively. The
coefficient of correlation developed by Pearson, which was used to assess the
association between the two variables, was used to analyze the link between analyte
levels within each research group to determine whether or not there was a correlation
between the two. This was done in order to determine whether or not there was an
association between the two variables. In addition, receiver operating characteristic
curves (ROC curves) were generated through the use MedCalc software in order to
evaluate the usefulness of biomarkers in the diagnosis and prognosis of
hypothyroidism. The area under the curve (AUC) was computed so that it could be
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used as a method for determining how reliable the test was. The cutoff for statistical
significance was set at P less than 0.05 and P less than 0.01, which indicates that
differences with a probability of less than 5% or 1% were considered to be statistically
significant. This threshold for statistical significance was established at the University
of California, Berkeley.

RESULTS
Baseline characteristics of the patients

Table 1 and Figure 1 shows the study's baseline characteristics. This included data from
study groups such as OH, SCH, and HC. Age and sex had no significance between
study groups. The mean levels of BMI, serum TSH, FSG, insulin, TG, cholesterol,
VLDL-C, LDL-C, and IL-33 and HOMA-IR were significantly higher in all
hypothyroidism patient groups, while HOMA-3 decreased significantly in patients
compared with healthy control group. Also, SCH group had significantly higher levels
of T3 and T4 as compared with OH group.
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Figure 1. Comparison between levels of IL-33 and overt or subclinical hypothyroidism patients, as well as in
healthy males and females.
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Table 1. Comparison of the means of clinical parameters between patients and a control group.

HC Patients’ groups No =180 P value
No=60 SCH OH
Parameters Mean+ SD No=60 No=60
Mean+ SD Mean+ SD
Age (years) 34.12+8.69 36.65+12.29 35.65+10.27  -m-mmmeemeee
35.13+7.27 36.90+6.38 37.10£9.02
35.65+5.0 41.89+8.88 39.90+11.94
Sex F/M 44/16 50/10 50/10 -
26.60+4.67 29.06+4.63 32.38+6.15 0.010a
BMI (Kg/m 2) 0.001b
0.001c
T3 (ng/mL) 2.30+0.65 1.97+0.37 1.68+0.74 0.003a
0.001b
0.009¢
T4 (ng/mL) 103.42+15.90 102.93+22.78 74.15+23.54 0.898a
0.001b
0.001c
TSH (uIU/mL) 3.70+2.90 8.28+3.79 21.53+19.24 0.003a
0.001b
0.001c
FSG (mg/dL) 90.15+6.75 99.48+9.46 111.25£10.51 0.001a
0.001b
0.001c
Insulin (uU/mL) 7.13+2.33 11.20 +2.37 13.00+2.19 0.001a
0.001b
0.001c
HOMA-IR 1.56+0.41 2.08+0.89 3.06+0.91 0.001a
0.001b
0.001c
HOMA-B 121.35+22.99 110.26+10.63 109.22+11.81 0.724a
0.001b
0.001c
T-CHO (mg/dL) 168.17+17.49 169.23 +14.44 187.07£24.79  0.733a
0.001b
0.001c
TG (mg/dL) 105.72+22.72 144.58 +36.56 161.82+47.07 0.001a
0.001b
0.011c
LDL-C (mg/dl) 111.57+16.97 117.30+£12.99 132.42+16.32  0.045a
0.001b
0.001c
VLDL-C (mg/dL) 21.14+4.54 28.92+7.31 32.3619.41 0.001a
0.001b
0.011c
HDL-C (mg/dl) 35.45+6.85 23.02+4.42 22.28+4.84 0.001a
0.001b
0.464c
IL-33 (pg/ml) 0.05+0.08 0.09+0.0.09 0.22+0.16 0.036a
0.001b
0.001c

Data represented as Mean +SD: standard deviation, NS= non- significantly differences at (P>0.05). *=significant differences at
(P< 0.05, OH: OVERT hypothyroidism, SCH: subclinical hypothyroidism, HC: healthy group No: number patients. a
=significantly difference between values in group SUB and group CH. b=significantly difference between values in group OH
and CH. c =significantly difference between values in group 3 and 2 BMI: body mass index, FBG: fasting blood glucose,
HOMA-IR: hemostasis model assessment-In’s resistance assessment, HOMA-3%: hemostasis model assessment- beta cell
percentage. TG: triglyceride, HDL-C: High-density lipoprotein-cholesterol, LDL-C: low-density lipoprotein-cholesterol.
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Correlation between serum IL-33 levels and other parameters in hypothyroidism
patients

The results of the correlation analysis between serum IL-33 levels in overt
hypothyroidism patients’ group and other parameters are summarized in Table 2 and
Figure 1. There was a positive correlation between IL-33 with BMI, HOMA-IR and
significant negative correlation was found between levels of IL-33 and T4. While the
correlation of IL-33 in subclinical patients group revealed a significant positive
correlation with TG, and VLDL-C and significant negative correlation with T3 level.

In Table 2, the following a positive correlation was found between serum IL-33 levels
and other parameters such as FSG, TG, LDL-C and VLDL-C, while A negative
correlation was found between IL-33 and serum level of TSH, HOMA-{, and HDL in
participants.

Table 2. The univariate analysis of serum IL-33 level with the investigated parameters in the enrolled patients.

Parameters SCH group OH group
r P value r P value

Age (years) 0.170 0.195 0.134 0.306
BMI (Kg/m2) 0.113 0.389 0.177 0.0.020
T3(ng/mL) -0.230 0.047 -0.050 0.706
T4(ng/mL) -0.068 0.608 -0.145 0.042
TSH(uIU/mL) 0.074 0.576 0.073 0.580
FSG (mg/dL) 0.077 0.560 0.002 0.985
Insulin (uU/mL) 0.007 0.958 0.287 0.026
HOMA-IR 0.131 0.012 0.278 0.023
HOMA-B -0.063 0.633 -0.115 0.382
TG (mg/dl) 0.367 0.004 0.031 0.814
TC (mg/dl) 0.245 0.039 0.129 0.327
LDL-C (mg/dl) 0.067 0.609 0.173 0.186
VLDL-C (mg/dl) 0.367 0.004 0.031 0.814
HDL-C (mg/dl) 0.004 0.977 -0.015 0.908

Here, p value =the significant difference between values in group (OH), group (SUB) and group (HC). Thyroxine (T4),
triiodothyronine (T3) and thyroid stimulating hormone (TSH). SUB: subclinical hypothyroidism; OH: OVERT
hypothyroidism; FSG: fasting serum glucose, HOMA-IR: hemostasis model assessment-insulin resistance, HOMA-3%:
hemostasis model assessment-beta cell percentage, TG: triglyceride, HDL-C: High-density lipoprotein-cholesterol, LDL-C:
low density lipoprotein-cholesterol VLDL.C: very low-density lipoprotein- Cholesterol, TC: total cholesterol, and r: linear
regression.

DISCUSSION

Hypothyroidism is caused by a thyroid that produces insufficient thyroid hormone is
necessary for maintaining the body's normal functioning. Thyroid hormone deficiency
causes the functions of the body to become less efficient, resulting in widespread
symptoms such as fatigue and a loss of energy. It is also one of the more common
diseases in women than in men, and it affects young women far more than young men.
Hypothyroidism can develop at any age, and the risk increases with age [17, 18].
Thyroid dysfunction manifests in a non-specific and frequently variable manner, so
biochemical abnormalities are used to make the diagnosis. T3 and T4, thyroid
hormones, have a complex inverse relationship with the pituitary hormone, TSH [19].
TSH levels are the most accurate indicator of a person's thyroid health because of a
negative feedback mechanism between TSH and thyroid hormones [20]. In the current
study, results showed increase level of IL-33 in hypothyroidism patients especially in
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overt group which may be related to numerous inflammatory and autoimmune
diseases, suggesting the crucial role of IL-33 as an active participant in contributing to
aberrant local and systemic damage [21]. IL-33 display intricate traits that are relevant
to both health and disease. IL-33 is expressed by many tissues, with endothelial cells
being the main source of this molecule. Additionally, barrier tissues' epithelial cells are
the main producers of IL-33 [22]. Fibrosis, autoimmune disorders, and the reaction to
antigen-allergens have all been linked to the IL-33/tumorigenicity 2 (5T2)pathway, an
intercellular signaling system [23]. IL-33 may play a critical role in regulating
inflammatory processes and pathogeneses, suggests mounting evidence [24]. IL-33,
which suppresses ST2, causes immune and non-immune cells to release it quickly in
response to stress, activating inflammatory and immune responses. It is known that IL-
33 exhibits pro- and anti-tumorigenic effects in a variety of diseases. These effects are
likely dependent on the primary target cells, the level of IL-33/ ST2 expression, the
cellular environment, and the cytokine microenvironment [25, 26]. It is interesting to
note that patients who suffer from chronic heart failure have higher serum levels of IL-
33. IL-33 has been demonstrated to have antioxidant effects, so this finding is
particularly relevant. Because IL-33 plays such a significant role in both inflammatory
conditions and oxidative stress, it is possible for individuals to take part in a wide
variety of pathophysiological processes [27]. Previous research has tended to support
the idea that heart failure (HF) is influenced by a variety of factors, including
inflammation, eating habits, heredity, and others, among which inflammatory reactions
are more prevalent. By combining with downstream ST2, IL-33 can start an
inflammatory response that damages myocardial cells and even results in heart failure.
Additionally, this study discovered that HF patients had higher peripheral blood levels
of IL-33 and ST2 than the healthy control group. It might be because this study views
the IL-33/ST2 signaling pathway as the cardiac dynamics' activation system, and since
excessive myocardial stretch results in excessive ST2 secretion, which in turn activates
the IL-33/ST2 signaling pathway and eventually speeds up ventricular remodeling and
causes HF, this pathway may be to blame. This backs up earlier studies [28, 29]. Insulin
resistance (IR), which is brought on by both hyperthyroidism and hypothyroidism, is
well-known to be impacted by thyroid hormones [30]. Coronary artery disease risk has
been linked to subclinical or overt hypothyroidism [31]. Results from the current study
show that SCH and OH patients have higher serum insulin levels compared to the
general population. Insulin resistance, defined as a reduced cellular response to insulin,
is associated with increased danger of developing diabetes and cardiovascular disease.
A higher insulin resistance index is associated with an increased risk of diabetes and
metabolic syndrome in hypothyroid patients [32].

CONCLUSION

The present study revealed that there was a significantly higher circulating levels of IL-
33 in hypothyroidism patients (especially in overt hypothyroidism) while lower level of
IL-33 was detected in healthy control. The IL-33 was negatively correlated to T3, T4,
and HDL-C levels and positively correlated with insulin resistance in hypothyroidism
patients. This increased IL-33 may play an important role in the pathogenesis and
progression of thyroid dysfunction and may exert antioxidant activity which may
attenuate oxidative stress. More studies are required to confirm these findings in
hypothyroidism patients.
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