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ABSTRACT

Hypothyroidism is a widespread disease all over the world and occurs as a result of a defect in the
mechanism of the thyroid gland or in the work of the gland itself, where the level of its hormones in the
blood decreases. The cause of this imbalance may be the lack of production of thyroid-stimulating
hormone from the pituitary gland, damage to thyroid cells, or an autoimmune disease that leads to partial
or complete damage to thyroid cells, which causes a lack of thyroid hormones in the blood, where This
leads to slow metabolism of fats and carbohydrates and a direct negative impact on the rest of the body
organs and tissues such as the pancreas, brain, heart and liver and has a clear impact on the growth
process. One of the most important effects of hypothyroidism that has currently been studied is a
significant rise in blood lipids, as well as the effect of thyroid hormones on the work of the enzyme lipase
is clear, as there is an increase in the enzyme lipase in the blood serum with a clear delay in lipolysis, in
addition to the high level of triglycerides, cholesterol, LDL, VLDL, and a disorder in HDL. In this study, the
level of thyroid-stimulating hormone and the presidential hormones secreted by the thyroid gland thyroid
thyroid thyronine triiodine and thyroxine were evaluated, as well as the measurement of The level of the
enzymeLipin G, measuring the level of lipids, determining the relationship between them, and
determining the correlation between the enzyme Lipase and some other variables. Where these variables
were measured for 90 samples, 60 samples diagnosed by the doctor as having hypothyroidism associated
with hyperlipidemia and 30 samples from healthy people. The measurements were carried out in the
specialized laboratories for pathological analysis in Mosul city, Iraq. The study found that there was an
increase in the level of thyroid-stimulating hormone compared to the control group. A decrease in the
level of triiodine threonine and thyroxine compared to the control group in addition to a high level of lipi
G enzyme compared to the control group in addition to a high level of triglycerides, cholesterol, very low
density protein, low-density lipoprotein and a disorder in the level of high-density lipoprotein as was
conducted in this study linear correlation relations between the enzyme lipase and the rest of the
biochemical variables, where there was a positive linear correlation between the enzyme lipase and T3
T4, triglycerides, VLDL and a negative linear correlation between lipase enzyme, TSH, cholesterol, HDL
and LDL.
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INTRODUCTION

The thyroid gland is one of the large endocrine glands that are found in the body and its location is in the
center of the neck under the larynx and in front of the thyroid cartilage, which is called the Adam's apple
(1. where it has a role in maintaining the body's metabolism (@ through its effect on regulating the
metabolism of carbohydrates and fats as it works to regulate many organs and tissues such as the
pancreas, brain, heart, liver and fatty tissue and have a clear impact on the energy balance in The body has
a clear role in the growth process (3) The weight of the thyroid gland ranges about 20 g and is 4-5 cm high
and 2-4 cm wide 4 It is two lobes connected to each other by a butterfly-shaped connector tissue This
tissue gives a kind of flexibility when swallowing food, as the thyroid tissue contains a large number of
vesicles that contain large numbers of epithelial cells, which contain globulin inside (%) Its main function is
the storage of thyroid hormones (©):

The thyroid gland is stimulated by other central glands such as the hypothalamus gland and the thyroid
gland, where the hypothalamus gland secretes the hormone (TRH), which stimulates the pituitary gland
to secrete (TSH), which is key to the work of the thyroid gland (7 The thyroid gland secretes several
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hormones, the most important of which are thyroxine (T4) and thyronine triiodine (T3) ® T3 was
produced from the thyroid gland by 20% and T4 by 80%, but the percentage of the effect of T3 on tissues
is greater, meaning that the effectiveness of T3 is four times greater than the effectiveness of T4 (®) The
role of thyroid hormones T3 and T4 appears in the process of activating oxidation in the body, as it works
to increase the consumption of fat because it is a source of energy in the body and also activates the
process of vital construction, as the thyroid gland works to stimulate four processes Metabolism in fats,
namely fat building and fat oxidation, fatty acid formation and cholesterol regulation (19 Any thyroid
defect directly affects most of the body's tissues and causes several changes in bioactivity (11) These
disorders can be classified according to clinical symptoms and measurement of the level of TSH, T3 and
T, in blood serum (12) Hypothyroidism is one of the most prevalent endocrine diseases around the world,
where women are about 10 times more likely to be affected than men, and the probability of developing
the disease increases with age (13) This disease causes a malfunction in the thyroid gland, which leads to a
decrease in the secretion of its hormones T3 or T, or both together (!4 There are several causes of this
disease, such as damage to thyroid cells due to treatment or treatment with radioactive iodine, thyroid
cancer, or sometimes genetic.(!3) One of the most common causes of iodine deficiency (16) is primary
thyroid disease, where this disorder is related to the thyroid gland itself, meaning that there is damage to
the thyroid cells and therefore the percentage of TSH is high, while the levels of T3 and T, are relatively
low or secondary thyroid lazy disease, where this disease occurs when there is a defect in the secretion of
TSH from the pituitary gland, and thus TSH, T3 and T, decrease. Or it may be tertiary thyroid disease, and
this is rare, as there is an imbalance in the secretion of thyrotropin hormone from the hypothalamus
gland, thus not stimulating the pituitary gland to secrete TSH,(15) Hashimoto's disease: One of the most
famous and most common thyroid diseases globally and is classified as an autoimmune disease, where the
body's immune system produces antibodies to the thyroid gland such as anti-thyroid peroxide (TPoAP)
The antibodies to TgAb attack thyroid cells, destroying them completely or partially.(1?) This disease
affects a person's daily life such as weight change, fatigue, lethargy and depression(!® There are many
clinical manifestations of hypothyroidism including weight gain, fatigue, memory impairment, depression,
muscle pain, irregular menstruation and constipation (19 Roughness of hair and skin Slowing down
metabolism, slow speech and cold intolerance Swelling of the face, enlarged tongue and hoarseness I said
identification 20) There is a direct relationship between the decrease in the concentrations of thyroid
hormones and the increase in the amount of fat in the body, where the concentration of total cholesterol
and LDL rises, and that the increase in the concentrations of thyroid hormones leads to increased
cholesterol breakdown and increased decomposition of fatty acids. 21 In recent years, the relationship
between obesity and thyroid dysfunction has attracted increasing attention, and it has been suggested
that obesity may cause disruption in the functioning of the thyroid gland as several studies have shown
that obese populations have an increased risk of developing clinical hypothyroidism and hypothyroidism
(22) The increase in LDL-C is the most powerful consequence associated with hypothyroidism. (23) Total
cholesterol concentrations also increase  with hypothyroidism due to low concentrations of
hydroxymethylclotaryl coenzyme (HMG-CoA) and this is due to the effect of thyroid hormones on the
transcription factor called sterol proteinSREPD-2 and recent studies have shown that there is a
relationship between hypothyroidism and heart disease due to increased cholesterol and triglycerides
and protein fats due to hypothyroidism(24 in addition to an increase in the level of VLDL(Z%).Lepase
enzymes are also closely related to the breakdown of water-insoluble lipid molecules, such as
triglycerides, phospholipids, and clactolipides.These enzymes are found everywhere in nature and are
found in humans, animals, insects, plants, fungi and microorganisms(Z®) Lipase enzymes are the most
commonly used in biological processes. Lepase belongs to a class of hydrolase (EC 3.1.1.3; triglycerol acyl
hydrolase) which is capable of degrading ester bondsin the form of i-supratic found in the tripartite
Glycerides, thus forming diglycerol (DG), monocyline(MG) and free fatty acids (FFA) These enzymes are
also found naturally in the organism of the stomach and pancreatic juice. Its function is to digest fats,
which helps maintain proper gallbladder function,(?”) One of the most important features of lipase
enzymes is the high stability and ability to stimulate (28) Pancreatic lipase was discovered for the first time,
which has a prominent and major role in the absorption of dietary fats, because it works on the
breakdown of triglycerides and the generation of free amino acids in human cells, and the pancreas
secretes Lipase, which is called a hairline pancreatic releases these enzymes in the digestive system in the
human body, cells cannot benefit from triglycerides found in food, as well as secrete pancreatic lipase,
which returns from the main enzymes in the body, after that gastric lipase is secreted in the stomach,
where fat is completely digested, any imbalance in the enzyme causes 50% to 60% of the fat in the body
not to be absorbed.
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Practical

90 samples were collected for people with hyperlipid-related hypothyroidism after an accurate diagnosis
by a doctor and 30 samples for healthy people (as a control group) from the first of November 2023 to the
first of February 2024, at the Noon Specialized Laboratory for Pathological Analysis in Mosul / Iraq where
their age ranges between (67) years. 13 males, 47 females from the patient group and 15 of males and 15
females for the control group, after that many measurements were made on samples of patients and
healthy people respectively, where the level of (TSH, T3, T4) was measured using the ready-made
analysis kit (Kit) prepared by the company

(VEDALAB-France) where the method of estimating hormones T4 and T3 in blood serum depends on the
competition between hormone antigens in blood serum and antigens in the pits of strips used to bind to
antibody-dye antibodies to produce a pink color commensurate with the intensity of absorption with the
concentration of the hormone in the blood serum (3031) as well as measured (Lipid profile) using the
ready-made analysis kit (kit) and equipped by the French company (BIOLABO) (32333435) as well as the
enzyme lipase was measured using the Winkler and Stickman method , where this method includes the
decomposition of the base material, which is paranitrophenyl acetate by catalysis by the enzyme lipase to
paranitrophenol, whose absorption is measured at 36-410nm After that, the results were analyzed
statistically using the statistical analysis program SPSS-2018 Through this program, the values were
represented through tables (SD+ Mean) and the use of (T-test) to analyze the results of patients and
healthy people, and then they were compared at the level of probability and graphs were drawn using
Excel (2021).

RESULTS AND DISCUSSION

The results of the current study showed a significant increase in the level of probability (P<0.05) in the
level of TSH concentration in patients with hypothyroidism (38.1 + 8.9) compared to the concentration
of the control group (1.822+0.543) and the reason for this increase is due to a defect in the mechanism of
work of the gland and its secretions in addition to there are several reasons for high TSH Such as
Hashimoto's autoimmune disease, which represents an autoimmune inflammation, where anti-body
antibodies attack thyroid cells and then break them down, where these bodies have the ability to bind to
TSH receptors, leading to an increase in its concentration in the blood, which is secreted by the pituitary
gland. This study agreed with the studies °f (3738 39) The current study also showed a significant difference
in the level of probability (P<0.05) in the average concentration of T3 in patients with hypothyroidism
(1.219 + 0.878) compared to the control group (1.45 * 0.161) and there was also a significant difference
in the level of probability (P<0.05) in T4 concentration in patients with hypothyroidism (64.3 + 33.3)
compared to the control group (87.8 £ 17.7) due to several reasons; the most common of which is
disease Hashimoto's due to the presence of antibodies to thyroid cells (4. and the removal of the thyroid
gland by surgery, as well as iodine deficiency, especially in the regions of the Middle East (41), where this
study showed a decrease in the level of T3 somewhat compared to T4, and the decrease in the
concentrations of the hormone T3 is also attributed to several reasons, including the production of the
thyroid gland of T3 by 20% and T4 by 80% (2 and there is also a possibility of a deficiency in the enzyme
Deiodinase, which works to extract an atom of iodine in the liver and kidney, which works to convert T4
to T3 according to the study (43 49 The current study also showed a significant increase at the level of
probability (P<0.05) In the average concentration of lipase enzyme in patients with hypothyroidism, as it
was (0.0884 + 0.0110) compared to the control group (0.03842 + 0.00442), where the results of the
study showed a high level of lipase enzyme in the blood serum in conjunction with hypothyroidism
associated with high lipids, as the reason for this is that the thyroid gland does not produce T3 and T4
hormones Enough to stimulate the lipase enzyme to break down fats, the pancreas, in turn, works to
produce the enzyme lipase naturally and continuously, thus increasing its concentration in the blood with
a slow process of burning fat, which leads to a rise in the level of lipids in the blood This study is
consistent with a previous study 45 where the study showed an increase in the activity of the enzyme
lipase by about 55% with a moderate increase in T3 hormonesand T4 respectively increased activity of
lipase enzyme was associated with increased levels of the hormones T3 and T4. The current study also
showed a significant difference at the level of probability (P<0.05), in the level of cholesterol in patients
with hypothyroidism, as it was (211.6+57.9) in patients compared to the group ofControl (157.3+30.6)
The reason is due to the low levels of thyroid hormones T3 and T4 and the increase in TSH reduces the
manufacture and destruction of cholesterol at the same time, but the rate of its catabolism is always
lower than its composition, which leads to its accumulation and increase its levels in the blood serum
(46)The results in the table also showed a significant increase (P<0.05) in the concentration of
triglycerides in the blood serum of patients with hypothyroidism associated with high lipids, as it was
(172.6282.3) compared to the control group (84.2+32.4). In this study, it was shown that triglycerides rise
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with high lipase enzyme, and the main reason for this increase is due to the lack of secretion of T3 and T4
by the thyroid gland, meaning that the effect of gland hormones is clear on metabolic processes,especially
fat catabolism. The high level of triglycerides can be attributed to the metabolic differences that affect
patients with hypothyroidism, so the body depends on the analysis of fat from adipose tissue as a source
of energy as it does not It can benefit from glucose, thus increasing the concentration of triglycerides in
the blood. (47) The results of the current study showed a significant increase in the patient group and the
control group at the level of probability (P<0.05) in the concentration of low-density lipoprotein, where
the results were (134.2 + 51.4) (89.1+£25.8) for patients and healthy people respectively and the high
level of low-density protein lipids may be attributedLDL to being the main carrier of cholesterol from the
liver to other tissues it contains cholesterol in a high proportion can also be observed high concentration
of LDL-C with increased deposition of fats in the blood vessels and therefore patients with
hypothyroidism are susceptible to atherosclerosis and heart disease (48) The results of the current study
showed a significant declineln the level of high-density lipoprotein at the probability level (P<0.05) in the
serum of patients with hypothyroidism associated with hyperlipidemia, it was (42.3+ 8.11) compared to
the control group (59.4 * 6.9) and the reason for the decrease in HDL-C may be attributed In patients
with hypothyroidism associated with high lipid levels, high levels of fatty acids and not converting them
into esters will increase triglyceride levels and reduce HDL-C, as it has been shown that the level of HDL is
uneven in patients with hypothyroidism. The results of the current study also showed a significant
increase (P<0.05) in the concentration of low-density lipoprotein cholesterol in patients with
hypothyroidism, as it was (34.4 * 16.5) compared to the control group (16.84 * 6.48). A significant
difference (P<0.05) in the concentration of LDL cholesterol in patients with hypothyroidism, (34.4 *
16.5) compared to the control group (16.84 + 6.48), due to the high levels ofVLDL-C in patients with
hypothyroidism associated with hyperlipidemia to reduced control of metabolic processes or alteration of
serum lipid distribution pattern in patients with hypothyroidism (-

Correlation relationships

The correlation between lipase enzyme and biochemical variables has been studied
1. Lipase enzyme binding relationship with TSH
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The results showed that there is a correlation (negative linear) between the activity of the enzyme TSH in
patients with hypothyroidism and the value of the correlation coefficient was (r = -0.040).

2. Relationship of association between the enzyme lipase and cholesterol
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The results showed that there is a correlation (negative linear) between the activity of the enzyme lipase
and cholesterol in patients with hypothyroidism and the value of the correlation coefficient was (r = -
0.037).

3. The relationship of association between the enzyme lipase and triglycerides

Fitted Line Plot
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The results showed that there is a correlation (linear positive) between the activity of the enzyme lipase
and in the disease with hypothyroidism associated with high fat and the value of the art coefficient was (r
= 0.347).

4. The relationship of association between the enzyme lipase and HDL

Fitted Line Plot
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The results showed that there is a correlation (negative linearity) between the activity of lipase and HDL
in patients with hypothyroidism associated with high lipids and the value of the correlation coefficient
(r=-0.119)

REFERENCES

[1] Aati, E. K, & Al-Alj, Z. A. ]. R. (2020). Effect of hypothyroidism on lipid profile in women at Misan
City/Iraqg. Medical Journal of Babylon, 17(1), 1-5.

[2] Tallini, G., & Giordano, T. ]. (2018). Thyroid gland. In Rosai and Ackerman's Surgical Pathology (pp.
278-354). Elsevier

[3] Walczak, K, & Sieminska, L. (2021). Obesity and thyroid axis. International journal of environmental
research and public health, 18(18), 9434

[4] Abdel Alim, A. A. A. L. A,, Abdel Halim Yousef Abdel Alim, Sherif, Suha 5--Ahmed Nabil, Abdel Baqi, &
Hanan Shawky. (2021). Effect of a proposed aerobic program on hypothyroidism in obese women.
Journal of Theories and Applications of Physical Education and Sports Science, 36(3), 124-139.

[5] Goldblum, J. R, Lamps, L. W.,, & McKenney, J. K. (2017). Rosai and Ackerman's Surgical Pathology E-
Book. Elsevier Health Sciences

[6] Choi, S, Kim, M. ], Park, Y. ], Kim, S., Choi, K., Cheon, G. J., .. & Park, J. (2020). Thyroxine-binding
globulin, peripheral deiodinase activity, and thyroid autoantibody status in association of phthalates
and phenolic compounds with thyroid hormones in adult population. Environment international,
140,105783

[7] Chiasera, ]. M. (2013). Back to the basics: thyroid gland structure, function and pathology. Clinical
Laboratory Science, 26(2), 112

8] Pirahanchi, Y, Toro, F, &]Jialal, I. (2018). Physiology, thyroid stimulating hormone.14

9] Jia, P.T, Zhang, X. L., Zuo, H. N, Ly, X,, & Gai, P. Z. (2017). A study on role of triiodothyronine (T3)

10] Hall, J. E. (2020)." Guyton and Hall textbook of medical physiology eBook". Elsevier H

11] Green, M. E., Bernet, V,, & Cheung, J. (2021). Thyroid dysfunction and sleep disorders. Frontiers in

endocrinology,

[12] Brandt, ., Borgquist, S., & Manjer, J. (2015). Prospectively measured thyroid hormones and thyroid
peroxidase antibodies in relation to risk of different breast cancer subgroups: a Malmoé Diet and
Cancer Study. Cancer Causes & Control, 26, 1093-1104.

[13] Lankhaar, ]J. A, Kemler, E., Hofstetter, H., Collard, D. C., Zelissen, P. M., Stubbe, ]. H., & Backx, F. J.
(2021). Physical activity, sports participation and exercise-related constraints in adult women with
primary hypothyroidism treated with thyroid hormone replacement therapy.Journal of sports
sciences, 39(21),

[14] Astely, D., Dahlman, E., Furuskar, A., Jading, Y., Lindstrom, M., & Parkvall, S. (2009). LTE: the evolution
of mobile broadband. [IEEE Communications Magazine, 47(4), 44-51.

[15] Sridevi, D., Dambal, A. A,, Sidrah, A. S. C., & Padaki, S. K. (2016). A study of serum magnesium, calcium
and phosphorus in hypothyroidism. Age, 35(8.85),

[16] Chiovato, L., Magri, F, &Carlé, A. (2019). Hypothyroidism in context: where we've been and where
we're going. Advances in therapy, 36, 47-58

[17] Vanderpump, M. P. (2011). The epidemiology of thyroid disease. British medical bulletin, 99(1).

[18] Duan, J., Kang, J., Deng, T, Yang, X., & Chen, M. (2018). Exposure to DBP and high iodine aggravates
autoimmune thyroid disease through increasing the levels of [L-17 and

[19] thyroid-binding globulin in Wistar rats. Toxicological Sciences, 163(1), 196-205.

[20] Dew, R., Okosieme, O., Dayan, C., Eligar, V., Khan, I, Razvi, S, .. & Wilkes, S. (2017). Clinical,
behavioural and pharmacogenomic factors influencing the response to levothyroxine therapy in
patients with primary hypothyroidism—protocol for a systematic review. Systematic reviews, 6, 1-7.

[21] Gaitonde, D. Y, Rowley, K. D., & Sweeney, L. B. (2012). Hypothyroidism: an update. South African
Family Practice, 54(5), 384-390

[22] Gaitonde, D. Y., Rowley, K. D., & Sweeney, L. B. (2012). Hypothyroidism: an update. South African
Family Practice, 54(5), 384-390

[23] McPherson, R. A., & Pincus, M. R. (2021). Henry's clinical diagnosis and management by laboratory
methods E-book. Elsevier Health Sciences

[24] Wang, Y, Lin, H,, Li, Q,, Guan, L., Zhao, M., Zhong, F, ... & Zhao, ]. (2021). Association between different
obesity phenotypes and hypothyroidism: a study based on a longitudinal health management
cohort. Endocrine, 72, 688-698.

[25] Jonklaas, J. (2023). Hypothyroidism, lipids, and lipidomics. Endocrine, 1-8

[26] Correa, R. (2021)." Correcting Overt Thyroid Hypothyroidism Improves Some Dyslipidemias".
Clinical Thyroidology. 33(2): 58-60

[
[
[
[

194 Saif-Aldeen Dhiyaa Najem et al 189-196



Journal of Computational Analysis and Applications VOL. 33, NO. 4, 2024

[27] Bianco, A. C., & Taylor, P. (2020). Levothyroxine treatment and cholesterol in hypothyroidism. Nature
Reviews Endocrinology, 16(4), 193-194

[28] Lim, S. Y, Steiner, ]. M., & Cridge, H. (2022). Lipases: it's not just pancreatic lipase!. American Journal
of Veterinary Research, 83(8).

[29] Ray, A. (2012). Application of lipase in industry. Asian Journal of Pharmacy and technology, 2(2), 33-
37

[30] Duleba, ], Siddmiak, T, &Marszatt, M. P. (2022). The influence of substrate systems on the
enantioselective and lipolytic activity of immobilized Amano PS from Burkholderiacepacia lipase
(APS-BCL). Process Biochemistry, 120, 126-137

[31] Al-Abbas, Khadija Suhail Younis (2022) Separation and purification of the alibase enzyme from the
pecan nut plant and study its properties and fattah towards some pomegranate peel extracts and the
compound -4,1-diacetooxyhale. Master's Thesis, College of Education for Pure Sciences, University of
Mosul

[32] Saadawi, EnasMagdi, Abdelaziz Said Abohamama, and Mohammed FathiAlrahmawy. "loT-based
Optimal Energy Management in Smart Homes using Harmony Search Optimization Technique."
(2022).

[33] Favresse, ]., Burlacu, M. C.,, Maiter, D., &Gruson, D. (2018). Interferences with thyroid function
immunoassays: clinical implications and detection algorithm. Endocrine reviews, 39(5), 830-850

[34] Sapin, R., & Schlienger, ]. L. (2003, July). Thyroxine (T4) and tri-iodothyronine (T3) determinations:
techniques and value in the assessment of thyroid function. In Annales de biologie clinique (Vol. 61,
No. 4, pp. 411-420)

[35] Burtis, C. A,Ashwood, E. R. and Bruns, D. E. (2015). Tietz Textbook of Clinical Chemistry and
Molecular Diagnostics . By Saunders ,an imprint of Elsevier Inc.USA.pp 356-363

[36] Silva, V. R,, Albuquerque, E. C,, Santos, A. P. C. D., Santos, ]. C., Junior, L. S., Presada, W. A, ... & Couto, R.
D. (2019). HDL-PARTICLES SEPARATION EMPLOYING DIFFERENT PRECIPITATING AGENTS:
FUNCTIONAL PROPERTIES OF THE IMPACT OF CHEMICAL PRECIPITATION ON LIPOPROTEIN
PARTICLE-SIZE AND PARAOXONASE-1-ACTIVITY. Quimica Nova, 42, 859-865.

[37] Sajja, A., Park, |, Sathiyakumar, V, Varghese, B., Pallazola, V. A,, Marvel, E A ...& M in S S (2021) Comp
i on of me hod o e im e low-density lipoprotein cholesterol in patients with high triglyceride levels.
JAMA Network Open, 4(10), e2128817-e2128817

[38] Hwang, S., Gwon, C., Seo, D. M,, Cho, ], Kim, ]. Y., & Uh, Y. (2021). A deep neural network for estimating
low-density lipoprotein cholesterol from electronic health records: Real-time routine clinical
application. JMIR Medical Informatics, 9(8), e29331.

[39] Winkler, F. K, d'Arcy, A, & Hunziker, W. (1990). Structure of human pancreatic lipase. Nature,
343(6260), 771-774.

[40] Mahwi, T. O., &Abdulateef, D. S. (2019). Relation of different components of climate with human
pituitary-thyroid axis and FT3/FT4 ratio: a study on euthyroid and SCH subjects in two different
seasons. International journal of endocrinology, 2019

[41] Mohammed, R. S., Al-Arrjj, S. B, & Jawad, A. K. Y. (2021). A Study Of Thyroid Peroxidase And Creatine
Kinase With Thyroid Patients. NVEO-NATURAL VOLATILES & ESSENTIAL OILS Journal| NVEO,
12940-12954

[42] Pirahanchi, Y, &Jialal, I. (2020). Physiology, thyroid stimulating hormone (TSH). StatPearls [Internet].
Available at https://www. Ncbi. We didn't. Gov/books/NBK499850/. Accessed Ju

[43] Jaicar, R. D.; Jadhay, S. C. and Nirogi, P. (2021). "Study of clinical profile of solitary thyroid nodule and
its management". International Journal of Surgery. 5(2): 207-210.

[44] Duntas, L. H. and Brenta, G. (2018)." A renewed focus on the association between thyroid hormones
and lipid metabolism". Frontiers in endocrinology. 9, 511

[45] Premakumari, R. N., et al. "Modeling the dynamics of a marine system using the fractional order
approach to assess its susceptibility to global warming." Results in Nonlinear Analysis 7.1 (2024): 89-
109.

[46] Jia, P. T, Zhang, X. L., Zuo, H. N,, Ly, X,, & Gai, P. Z. (2017). A study on role of triiodothyronine (T3)

[47] Dayan, C., & Panicker, V. (2018). Management of hypothyroidism with combination thyroxine (T4)
and triiodothyronine (T3) hormone replacement in clinical practice: a review of suggested guidance.
Thyroid research, 11(1), 1-11

[48] 8. Rajalakshmi, A. N., & Begam, F. (2021). Thyroid Hormones In the Human Body: A review. Journal of
Drug Delivery and Therapeutics, 11(5), 178-182

[49] Valdemarsson, S., Hansson, P, Hedner, P, & Nilsson-Ehle, P. (1983). Relations between thyroid
function, hepatic and lipoprotein lipase activities, and plasma lipoprotein concentrations. European
Journal of Endocrinology, 104(1), 50-56.

195 Saif-Aldeen Dhiyaa Najem et al 189-196



Journal of Computational Analysis and Applications VOL. 33, NO. 4, 2024

[50] Howlett, T.A. and Drury, PL. (2002). "Endocrine disease. In: Clinical Medicine". Edited by Kumar P.
and Clark M., 5th ed., W.B. Saunders Company, Philadelphia. pp. 999-1068.

[51] Nichols, G. A., Philip, S., Reynolds, K, Granowitz, C. B, & Fazio, S. (2019). Increased residual
cardiovascular risk in patients with diabetes and high versus normal triglycerides despite
statin-controlled LDL cholesterol. Diabetes, Obesity and Metabolism, 21(2), 366-371.

[52] HnoiN T, et al Abnormal lipoprotein metabolism in hypothyroidism Brazilian Journal

[53] Deng, B.; Yuan, Y; Zhong, M.; Ren, R.; Deng, W. and Duan, X. (2021). "The Relationship between
Metabolic Parameters, Age, and Thyroid Status: A Cross-Sectional Study-Based National Survey of
lIodine Nutrition, Thyroid Disease". Risk Management and Healthcare Policy. 14, 1723.

196 Saif-Aldeen Dhiyaa Najem et al 189-196



