
9 

 

www.bsmiab.org/jabet 

 

Hashim et al., J Adv Biotechnol Exp Ther. 2023 Jan; 6(1): 09-16 

Histological and physiological determinants of hypothyroidism 

in patients and its relationship with lipid profile 

Adil Mohammed Hashim1 , Sawsam Jaseim Al-Harbi2 , Mariam Mohammed Burhan2 , Yasir Haider Al-

Mawlah1, * , Ameer Mezhir Hadi1  
 
1DNA Research Center, University of Babylon, Hillah, Babylon state, Iraq  
2Department of Human Anatomy, College of Medicine, University of Babylon, Hillah, Babylon state, 51001, Iraq 

 

ABSTRACT 
Hypothyroidism is a disorder in which the thyroid gland fails to produce enough thyroid 

hormone to maintain normal physiological function. Low thyroid hormone levels make it 

difficult for cells in the body to get enough thyroid hormone, resulting in a slowed 

metabolism. There are various reasons for the prevalence of autoimmune disease and 

radiation therapy. Excess or deficiency of iodine causes thyroiditis. Because lipids are 

hydrophobic, they cannot transport fats like cholesterol, phospholipids, and triglycerides 

through the bloodstream. Instead, they bind to proteins to produce lipoproteins, which carry 

fats such as cholesterol, triglycerides, and phospholipids throughout the body. This study 

evaluated the levels of triiodothyronine (T3), thyroxin (T4), and thyroid-stimulating hormone 

(TSH) in 25 patients and 25 healthy individuals using the EIA technique. The study found that 

hypothyroidism patients have higher TSH levels than healthy controls, while their T3 and T4 

levels are lower than healthy controls. When hypothyroidism patients were compared to 

healthy controls, there was a significant increase in the mean levels of all lipids except for 

high-density lipoprotein. We concluded that the TSH levels in hypothyroidism patients were 

significantly higher than in the control group. In addition, these patients have an abnormal 

lipid profile, with significantly higher levels of TC, TG, LDL, and VLDL. 

 

  

 

 

 

 

 

 

 

 INTRODUCTION 

Hypothyroidism is a clinical syndrome characterized by a thyroid hormone deficiency, 

leading to a broad slowdown of metabolic processes [1]. Thyroid dysfunction worsens 

with advancing age, particularly in women. Numerous biochemical anomalies are 

linked to hypothyroidism. As thyroid function deteriorates, levels of total cholesterol 

and low-density lipoprotein cholesterol tend to rise [2]. 

The thyroid gland generates the hormones triiodothyronine (T3) and 

tetraiodothyronine (T4), which are essential for human health (T4) and are required for 

proper energy levels and a healthy lifestyle. Thyroid hormones have long been known 

to play a role in maintaining the initial concentration of phospholipids in cell 

membranes and the fatty acid content of lipids [1]. Any effect that lowers the 

production of T3 and T4 hormones causes hypothyroidism. Hypothyroidism-related 

abnormal lipid metabolism may lead to atherosclerosis, which may ultimately cause 

cardiovascular disease. Thyroid disorders are a list of the most frequent endocrine 

diseases; only diabetes mellitus comes in second [2]. Thyroid disorders are 

characterized by changes in the number of thyroid hormone production. 

Hyperthyroidism is caused by excessive production, whereas hypothyroidism is caused 

by insufficient production [3]. Hypothyroidism is one of the most prevalent thyroid 

diseases in the world [4]. Thyroid inactivity is caused by decreased T4 and T3 secretion 

[5]. Low thyroid hormone levels in the blood (hypothyroidism) are related to slowed 
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metabolism, decreased weight gain, lipolysis, poor cholesterol clearance, and high 

blood cholesterol levels. The effects of thyroid hormone include both genetic and non-

genetic [6]. A decrease in T4 and T3 levels causes pituitary TSH hypersecretion and an 

exacerbated increase in blood TSH levels. In individuals with thyroid dysfunction, 

changes in lipid profiles are prevalent [7, 8]. The hypothalamic-pituitary-thyroid axis is 

a system in which the hypothalamus, pituitary, and thyroid work together to govern 

thyroid hormone synthesis. The hypothalamus gland produces and stores thyrotropin-

releasing hormone (TRH). TSH is produced by this hormone, which is then circulated 

to the thyroid gland, where it increases thyroid hormone synthesis and release [9, 10]. 

The thyroid gland produces and secretes calcitonin and thyroid hormones. Calcitonin is 

a hormone that controls calcium levels in the body. Thyroid hormone affects body 

metabolism, brain development, and other physiological functions. T3 and T4 are often 

known as thyroxine. Thyroid hormone comes in two metabolically active forms [11]. 

Hyperthyroidism causes increased metabolism symptoms like hunger, tachycardia, and 

fatigue. 

In contrast, hypothyroidism causes symptoms of a slowed metabolism, including 

edema, dry skin, and diarrhea. Hypothyroidism is more frequent than hyperthyroidism 

in thyroid disease, and subclinical thyroid dysfunction is prevalent  [12, 13]. There are 

numerous reasons for hypothyroidism or an underactive thyroid. Some causes include 

previous thyroid surgery, ionizing radiation exposure, autoimmune thyroiditis, chronic 

thyroid inflammation, iodine deficiency, a lack of enzymes required to produce thyroid 

hormone, and numerous medications. Thyroid dysfunction can interfere with thyroid 

hormone synthesis, a catabolic hormone that affects various metabolic processes, 

including lipid metabolism. Thyroid hormones regulate cholesterol synthesis, 

absorption, and metabolism, which helps to maintain a cholesterol reservoir [14]. 

Thyroid hormones increase the activity of the common effluent treatment plant (CETP), 

which can influence HDL metabolism. HDL2 cholesteryl esters are switched to very-

low-density lipoprotein (VLDL). VLDL and TGs, on the other hand, work in the 

opposite direction [15, 16]. People with thyroid issues can see the link between thyroid 

hormones and lipid metabolism. Higher TG and TC levels are associated with overt 

hypothyroidism. In contrast, overt hyperthyroidism results in lower lipid levels [17]. 

According to recent molecular biology advancements, thyroid hormones and TSH may 

play a role in lipid metabolism control. Hypothyroidism is the first stage of severe 

hypothyroidism, marked by a slight increase in TSH in patients with normal blood T4 

levels. In adults, TSH has been linked to hyperlipidemia [18]. Overt hypothyroidism 

raises total cholesterol (TC) levels in the blood and raises blood pressure (BP). Adults 

with low FT4 levels have a greater IR, and those with poor thyroid function have a 

higher risk of CD disease [19]. It’s well known in thyroid conditions, particularly 

hyperthyroidism and overt hypothyroidism. However, a few studies have found that 

subclinical hypothyroidism (SCH) causes increased oxidative stress. Thyroid-

stimulating hormone (TSH) levels are slightly elevated in SCH, while the rest of the 

thyroid hormones are normal. As it has the same cardiovascular effects as overt 

hypothyroidism, it has recently received great attention [20]. Thyroid failure is more 

common in women and gets more common as you age. TC and LDLC levels are higher 

in hypothyroid patients [21]. Secondary dyslipidemia is a frequent complication of 

hypothyroidism [22]. Overt hypothyroidism is associated with increased TC and LDL-

C levels [23]. Subclinical hypothyroidism (SH) is more prevalent than overt 

hypothyroidism. It's a clinical condition in which blood TSH levels are elevated FT4 

yet, and FT3 values are normal. SH is predicted to be present in 4.3 percent to 9% of the 

general population. Women and the elderly have a greater incidence of SH [24, 25]. 

Since hypothyroidism and hyperthyroidism are less common in the general population, 
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researchers have increasingly focused on the relationship between thyroid hormones 

and lipid profiles in the euthyroid population. Free thyroxine (FT4), free 

triiodothyronine (FT3), TSH, and other hormones are all linked to lipid profiles in the 

euthyroid population regardless of gender [27]. As a result, the possibility of FT4, FT3, 

and TSH interacting in their lipid profile link cannot be ruled out. Thyroid hormones 

were previously thought to mediate TSH's effects on lipid profile [28]. The current 

study aimed to find the relationship between lipid profile and thyroid disease as an 

important factor for diagnosing hypothyroidism, in addition to measuring the 

histological changing in the thyroid gland as a result of T3 protein expression. 

 

MATERIALS AND METHODS 

Sample collection 

T3, T4, and TSH levels were evaluated using 5 mL of blood samples collected in a 

private facility and tested using the enzyme immunoassay technique. A completely 

automated analyzer was used to assess the blood's TC, Tg, HDL, LDL, and VLDL 

cholesterol. Thyroid dysfunction affects lipid metabolism in various ways, including 

lipid imbalances and carbohydrate and protein abnormalities. Statistical examination of 

the numerous data collected throughout the study yielded the mean, standard 

deviation, and P-value for each variable. Between October 2021 and June 2022, Thyroid 

diseases were evaluated in 25 persons (control samples) who visited a private lab in 

Babylon province, Iraq.  

 

Ethical statement 

Every volunteer has given written informed permission. This research received ethical 

approval (DSM-6631) for scientific research from the Ministry of Health (MOH) and 

Ministry of Higher Education and Scientific Research (MOHESR) ethics committees in 

Iraq. 

 

Samples preparation  

Following an overnight fast, blood samples were taken from an arm vein with a 

disposable syringe and allowed to clot for one hour at room temperature. The serum 

was separated from the clotted blood in a centrifuge for 5 to 10 minutes at 3000 

revolutions per minute (rpm). 10 ml of blood was extracted aseptically from the 

antecubital vein and transferred to a well-clean and metal-free test tube to prevent 

hemolysis. The plain test tube was centrifuged for 15 minutes at 2500 rpm after 20 

minutes at room temperature. Any leftover erythrocytes were spun down using re-

centrifugation, after which the serum was transferred to a polypropylene container and 

stored until analysis. Half of the serum was transferred to a metal-free test tube, stored 

at -20°C after proper labeling, and securely packed using well-clean auto pipettes. 

A sample of the thyroid gland affected by hypothyroidism was taken and preserved in 

formalin solution at a concentration of 4% to preserve it from lysis and shrinking. The 

sample was transferred to jars containing ethanol alcohol (Sigma Aldrich, Germany) 

with serial concentrations (70%, 80%, 90%, 100%) to prepare the sample. Then it was 

transferred to other jars containing a solution of xylene (Sigma Aldrich, Germany) at a 

concentration of 100% to clear the sample and allow the paraffin wax to mix with its 

sections. After that, the tissue sample was placed in a particular template, and liquid 

paraffin wax was poured over it at 60°C, then left at room temperature to solidify. 
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Finally, the tissue sections were made at a 5-micron thickness using the microtome 

device. The sections were loaded on a slide in preparation for the initial dyeing and 

making of the immunohistochemical assay. 

 

Immunohistochemistry (IHC) 

This technique was used to demonstrate hypothyroidism of protein expression. The 

immunohistochemistry method used for this purpose is the mouse and rabbit specific 

HRP/DAB detection kit (Abcam, England). This method is summarized by detecting the 

gene expression product (protein) in the defect T3 and normal cells via targeting the 

nucleoprotein using human monoclonal antibodies. The binding between primary and 

secondary antibodies is then detected by immunofluorescent conjugated dye (a 

polymer-labeled peroxidase). Finally, the positive reaction was determined by the 

precipitation of blue color at the binding site by the substrate DAB in the chromogen 

solution [29]. 

 

Statistical analysis 

All data were analyzed using SPSS software version 16 (SPSS I., Chicago, Illinois, USA) 

for one-way ANOVA to explore Duncan’s correlation, and means were compared using 

the L.S.D test. The levels of significance were indicated as p < 0.01 [30]. 

 

RESULTS  

Effect of thyroid hormones in hypothyroidism 

The mean values of T3, T4, and TSH hormones in hypothyroidism and control cases 

have been studied (Figure 1). TSH levels in hypothyroidism patients were significantly 

higher in patients (12.5 μIU/L) than in control subjects (1.4 μIU/L). Compared to 

control, patients experienced a significant drop in T3 and T4 levels.  

 

Effect of lipid profile in hypothyroidism 

Hypothyroidism patients have an abnormal lipid profile with significantly higher TC, 

TG, LDL, and VLDL (230, 220, 150, and 45 mg/dI, respectively) (Figure 2). On the other 

hand, they showed significantly lower HDL activity (32 mg/dI) than control 

participants (40 mg/dI) (Figure 2).  
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Figure 1. Distribution of thyroid hormone levels in study groups. * Significant at p ≤ 0.01. 

 

 

 

Figure 2. Distribution of lipid parameter levels in the study group. * Significant at p ≤ 0.01. 

 

Expression of T3 in hypothyroidism patients 

Figure 3 showed the expression of the T3 marker of the thyroid gland during 

hypothyroidism by IHC. Particularly, Figure 3A showed normal follicle of the gland 

with stronger IHC reaction and the high signal intensity of normal tissue stained with 

nuclear fast red stain. While Figure 3B showed swelling of the follicle of the gland as a 

result of T3 protein expression with moderate IHC reaction and the moderate signal 

intensity of T3 in hypothyroidism. 
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Figure 3. The thyroid gland tissue section showed the immunohistochemistry staining protein overexpression 

using biotinylated T3 protein antibody; stained by dab-chromogen (blue) and counterstained by nuclear fast 

red stain (red). a-normal tissue, b-t3 hypothyroidism dysfunction. 

 

DISCUSSION 

The thyroid hormone regulates lipid absorption, digestion, synthesis, and catabolism in 

numerous ways [31]. In overt hyperthyroidism, total cholesterol, LDL-C, and HDL-C 

(especially HDL2) levels are all reduced, although triglyceride levels are slightly 

elevated, normal, or decreased [32]. The hypothalamic-pituitary-thyroid system 

regulates thyroid hormone production. The thyrotropin-releasing hormone is produced 

and stored by the hypothalamus gland. TSH is produced by this hormone, which is 

then circulated to the thyroid gland, where it increases thyroid hormone synthesis and 

release [33, 34]. Thyroid hormone is split into two metabolically active components, T3 

and T4, both of which are often referred to as thyroxine [35, 36]. Thyroid function 

affects the synthesis, mobilization, and breakdown of lipids, among other metabolic 

factors. 

The thyroid hormone increases cholesterol production in the liver. It has a higher 

conversion rate to bile salts. Thyroid hormone T3 can make adipocytes more sensitive 

to the lipolytic activity of adrenaline, boosting fatty acid transport to the liver and 

enhancing hepatic triacylglycerol production indirectly [24, 25]. A lipid profile is a 

collection of blood tests used to determine the risk of cardiovascular disease. TC, LDL, 

HDL, VLDL, and triglycerides are all included in this group [21]. VLDL is a kind of 

lipoprotein that transports fats and cholesterol into circulation. VLDL consists of the 

most triglycerides compared to the other lipoproteins and is a harmful type of 

cholesterol [18, 19]. HDL cholesterol was substantially lower in cases compared to 

controls, whereas total cholesterol, LDL cholesterol, and triglycerides were significantly 

higher (Figure 2). Lee et al. [19] found that mean plasma total cholesterol and LDL 

cholesterol levels were higher in hypothyroid patients than in normal controls. The 

average serum total cholesterol level was higher in both primary and secondary 

hypothyroidism in another investigation [16, 17]. Laker and Mayes found elevated 

triglyceride levels in hypothyroid individuals [23]. As a result, the findings of our study 

were consistent with those of other researchers [34]. The increase in HDL cholesterol 

concentration is mainly related to increased HDL2 particle concentration [28, 29]. 

According to Jung and colleagues [31], one of the most common thyroid illnesses in 

humans is hypothyroidism, a condition in which thyroid hormone production declines 
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due to thyroid gland malfunction, which alters hormone synthesis and secretion. T3 

thyroid H&E sections exhibited an increase in the breadth of the follicular epithelium, 

which was statistically corroborated by a substantial rise in the patients compared to 

the control group. This was consistent with the findings of another group of 

researchers, Ferreira et al. [35], who found elevated T3 in the hypothyroid group. In the 

present study, H&E-stained sections of T3 samples (hypothyroid group) revealed an 

increase in perifollicular T3 concentration. This might be due to elevated T4 levels 

caused by increasing TSH levels. These findings were consistent with the findings of 

Dauth et al. [36], who discovered that hypothyroidism could cause a rise in T4 levels. 

 

CONCLUSION 

We concluded that the TSH levels in hypothyroidism patients were significantly higher 

than in the control group. In addition, these patients have an abnormal lipid profile, 

with significantly higher levels of TC, TG, LDL, and VLDL. 
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