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Abstract:

Background: Thyroid function tests (TFT) and oxidative stress markers are crucial diagnostic
tools for understanding body processes, assessing thyroid gland performance, and identifying
primary thyroid disorders like hypothyroidism. Aim: The aim of the present study was to
determine thyroid function test and oxidative stress markers in hypothyroidism patients. Materials
& methods: The Department of Biochemistry conducted the study, which involved 300
participants aged 30-60 years, dividing them into two groups: 150 healthy individuals and 150
hypothyroidism patients. The study aimed to identify clinically diagnosed hypothyroid patients
aged 30-60 years who have been on medication within the last five years. The study excluded
patients with established conditions, chronic illnesses, pregnancy, recent surgical interventions,
and those under 30 or over 60 years old. Results: The levels of all thyroid profile measurements
(T3, T4, {13, fT4, and TSH) were significantly different between the control group subjects and
the hypothyroid group patients after the comparison. In comparison to hypothyroid group patients,
the MDA level was substantially lower in control group subjects. TAC decreases in hypothyroid
groups in comparison to the healthy control group. In contrast, our investigation did not identify
any substantial disparities in NO levels between hypothyroid and control subjects. Conclusion:
Thyroid dysfunction, including hypothyroidism, significantly impacts health and oxidative stress
markers, affecting hormone metabolism, antioxidant metabolism, and cardiac function. Early

detection and management are crucial for reducing cardiac risk.
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Introduction:

Hypothyroidism, a common endocrine disorder, is defined as an underactive thyroid gland that
causes a decrease in thyroid hormone production and a variety of metabolic disturbances. Thyroid
hormones are critical for the regulation of metabolic processes, including the equilibrium of

(141 Oxidative stress, characterized by an imbalance between

oxidative and antioxidative systems
the body's capacity to detoxify free radicals through antioxidants and the production of these
radicals, increasingly influences the pathophysiology of hypothyroidism ¢!, Reduced thyroid
hormone levels in hypothyroid patients can impair antioxidant enzyme activity, exacerbating

oxidative damage to cells and tissues [,

For diagnosing and treating hypothyroidism, thyroid function tests are essential. These tests
measure serum thyroid-stimulating hormone (TSH), free thyroxine (FT4), and free
triiodothyronine (FT3) ¥, However, these tests may not fully capture the full extent of oxidative
stress in hypothyroid patients. Therefore, by assessing oxidative stress markers such as
malondialdehyde (MDA) and superoxide dismutase (SOD) alongside thyroid function tests, we
can gain a more comprehensive understanding of the metabolic disturbances in hypothyroidism [*-
1311, These thyroid function tests and oxidative stress markers in hypothyroid patients, providing a
deeper understanding of the relationship between oxidative stress and thyroid dysfunction. This
study's findings may have implications for the development of more effective diagnosis and
management strategies. Hence, the aim of the present study was to determine thyroid function test

and oxidative stress markers in hypothyroidism patients.
Materials & methods:

Ethical approval: The current study commenced after obtaining ethical clearance from the
Institutional Ethics Committee. Study Design: Case-Control Study. Sampling: purposeful random
sampling. The Department of Biochemistry conducted the current study as a prospective
investigation. We divided a total of 300 participants, aged between 30 and 60 years, into two
groups: Group 1: 150 healthy individuals. Group 2: 150 patients with hypothyroidism. The criteria
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for Group 2 patients' inclusion are as follows: The study will involve clinically diagnosed
hypothyroid patients of both sexes, aged 30 to 60 years, who have been on medication within the
last five years. Exclusion Criteria for Patients in Group 2: Exclusion criteria include individuals
with established cardiac disease, chronic renal failure, diabetes mellitus, hepatic disorders,
rheumatoid arthritis, gout, chronic illnesses, pregnancy, recent surgical interventions, any other
inflammatory conditions, and those aged under 30 or over 60 years. Methodology: We enrolled the
subjects after obtaining written consent. Upon obtaining consent, we classified participants based
on their thyroid dysfunction at the time of patient enrollment. We recorded the patient's medical
history, familial history, and physical examination. We collected six milliliters of venous blood in
a simple tube from hypothyroid patients and euthyroid participants to obtain serum. We used serum
to assess the subsequent biochemical markers. Assessment of thyroid hormones (T3, T4, Free T3,
Free T4, and TSH): Utilizing the chemiluminescence technique. These were acquired from Auto-
bio-Laboratories, and the tests were conducted in accordance with the directions outlined in the
manuals. Serum NO levels were determined by colorimetric method based on Griess reaction
method ¥, Serum Malondialdehyde (MDA) by ELISA kit obtained from Abcam-Laboratories.
Estimation of TAC was done by using the FRAP (Ferric Reducing Ability of Plasma) assay 1.

Statistical analysis:

The study used IBM SPSS version 29 for statistical analysis, analyzing demographics, age,
biochemical parameters, and relationships between thyroid hormone levels and oxidative stress

markers, and comparing patients with varying hypothyroidism severity.

Results:

Table 1: Thyroid function tests of the different study populations at baseline.

Control group Hypothyroid group
(n=150) (n=150)
T test
T3 (umol/L) 1.7+ 0.66 1.3+0.1 <0.05
T4 (umol/L) 85+ 32.1 66.8 + 23.4 <0.05
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FT3 (ng/dL) 24+0.8 2.93+0.18 <0.05
FT4 (ng/dL) 1.2+0.3 1.92 +£0.58 <0.05
TSH (uIU/ml) 2.32 £ 0.60 38.23+18.2 <0.05

All values expressed as Mean+SE. Triiodothyronine (T3), Thyroxine (T4), Free-triiodothyronine

(fT3), Free-thyroxine (fT4), Thyroid stimulating hormone (TSH).

T3, T4, fT3, T4, and TSH levels are shown in table 1. All the thyroid profile tests were significant

differed when compared between control group subjects and hypothyroid group patients.

Table 2: Oxidative stress parameters of the different study populations at baseline.

Variable Control Hypothyroid
group group (n=150) | T test
(n=150)

TAC (umol/dL) [93+54 | 62+62 <0.05

MDA (nmol/mL) | 3.6 + 1.1 6.7+2.4% <0.05

NO (umol/L) 129+3.6| 13.1£83 |>0.05

All values expressed as Mean+SE. Compared with control group (t test p<0.05), Compared with
hypothyroid group (t-test P <0.05). Total antioxidant capacity (TAC), Malondialdehyde (MDA),
Nitric Oxide (NO).

MDA, TAC, and NO 1 evels are shown in table 2. The MDA level was significantly lower in control
group subjects when compared with hypothyroid group patients respectively. Decrease of TAC in
hypothyroid groups when compared with the healthy control group subjects Whereas our study
did not observe significant difference in NO levels when compared between control and

hypothyroid individuals.
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Discussion:

TSH is an indicator of thyroid gland function I 21, Persistent increases can influence the generation
of ROS, which may lead to lipid peroxidation and glycation of proteins 71, Various diseases,
including hypothyroidism, exhibit membrane damage that results in lipid peroxides ™71, High
blood MDA levels, which result in ROS attack on membranes, could cause this damage B,
Hypercholesterolemia also induces the autoxidation of proteins and lipid molecules I 31, In the
present study, we observed an increase in MDA and TSH levels in the hypothyroidism group
compared with healthy controls in the present study. Similarly, previous studies have shown
elevated levels of MDA and TSH in both hypothyroid groups. A study ™21 observed increased
levels of MDA and TSH in patients with hypothyroid individuals. Researchers have also reported
similar observations in animal and human models prior to thyroxine formulation supplementation
[121 Further, we observed a positive correlation between TSH and MDA in the hypothyroid group.
These results indicate that prolonged exposure to oxygen is more likely to alter lipid membranes
due to ROS and high cholesterol levels in the blood.

According to studies ™7 117131 jdentifying early in the natural history of hypothyroidism can
prevent progressive thyroid-cell failure. Effective thyroxine therapy should be based on the

pathogenic abnormalities rather than just a simple reduction of TSH.

In the current study, we observed decreased levels of T3 and TAC in patients belonging to the
hypothyroid group, which could potentially contribute to the risk relationship between oxidative
stress and these conditions, as well as play a significant role in the development of oxidative stress.
We observed similar alterations in oxidative stress variables, including TAC, in the individuals
under study. The present observation on the status of antioxidants in hypothyroid group individuals
is perhaps the first report of its kind, and no plausible explanations can be extended to explain
these findings. Undoubtedly, additional research is necessary to elucidate these intriguing findings.
s. However, the results of the study on T3 levels in hypo-thyroid patients could be because higher
levels of antioxidants like TAC would get rid of ROS, especially hydrogen peroxide. It's also
possible that this is because too much SOD and NO will get rid of other radicals to keep tissues in
a reduced state, which will cause levels to drop. This could be why their values were not significant

in the hypothyroid patients in this study.
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Limitations:

The study explores the impact of thyroid dysfunction and oxidative stress markers, but has
limitations like a cross-sectional design, inability to observe long-term progression, and potential
limitations in capturing regional variations in genetics, diet, and lifestyle in India. Future research
could address these limitations to improve understanding of thyroid dysfunction's impact on

cardiac health and oxidative stress.

Conclusion:

A person’s health and oxidative stress markers are substantially influenced by thyroid dysfunction,
including hypothyroidism. The thyroid gland regulates hormones and metabolism, which in turn
influences the metabolism of antioxidants and cardiac function. Hypothyroidism affects cardiac
function by increasing free radicals, while it also reduces heart rate and cardiac output. The early

detection and management of thyroid disorders are essential for the reduction of cardiac risk.

Conflict of interest:

There is no conflict of interest among the present study authors.

References:

1. Wouters HJ, Slagter SN, Muller Kobold AC, van der Klauw MM, Wolftenbutte] BH.
Epidemiology of thyroid disorders in the Lifelines Cohort Study (the Netherlands). PLoS
One. 2020 Nov 25;15(11):e0242795. 10.1371/journal.pone.0242795

2. Desai MP. Disorders of thyroid gland in India. The Indian Journal of Pediatrics. 2015
Jan;64:11-20. Available from: 10.1007/BF02795771.

3. Menon V, Sundaram KR, Unnikrishnan AG, Jayakumar RV, Nair V, Kumar H. High
prevalence of undetected thyroid disorders in an iodine sufficient adult south Indian
population. J Indian Med Assoc.2015;107:72—7. Available from: 10.1046/j.1365-
2265.2003.01895 x.

1163


https://doi.org/10.1371/journal.pone.0242795
https://doi.org/10.1007/BF02795771
https://doi.org/%2010.1046/j.1365-2265.2003.01895.x.
https://doi.org/%2010.1046/j.1365-2265.2003.01895.x.

10.

1.

12.

Journal of Cardiovascular Disease Research

ISSN:0975 -3583,0976-2833  VOL 15, ISSUE 11, 2024

Cheserek MJ, Wu GR, Ntazinda A, Shi YH, Shen LY, Le GW. Association between thyroid
hormones, lipids and oxidative stress markers in subclinical hypothyroidism. Journal of
medical Biochemistry. 2015 Jul;34(3):323. doi: 10.2478/jomb-2014-0044

Elnakish MT, Ahmed AA, Mohler PJ, Janssen PM. Role of oxidative stress in thyroid
hormone-induced cardiomyocyte hypertrophy and associated cardiac dysfunction: an
undisclosed story. Oxidative Medicine and Cellular Longevity. 2015 Oct;2015.
10.1155/2015/854265

Rasool M, Malik A, Saleem S, Ashraf MA, Khan AQ, Waquar S, Zahid A, Shaheen S, Abu-
Elmagd M, Gauthaman K, Pushparaj PN. Role of oxidative stress and the identification of
biomarkers associated with thyroid dysfunction in schizophrenics. Frontiers in
pharmacology. 2021 Apr 29;12:646287. 10.3389/fphar.2021.646287

Corssac GB, de Castro AL, Tavares AV, Campos C, Fernandes RO, Ortiz VD, Siqueira R,
Fernandes TR, Bell6-Klein A, Araujo AS. Thyroid hormones effects on oxidative stress
and cardiac remodeling in the right ventricle of infarcted rats. Life sciences. 2016 Feb
1;146:109-16.10.1016/5.1f5.2015.12.052

Wouters HJ, Slagter SN, Muller Kobold AC, van der Klauw MM, Wolffenbuttel BH.
Epidemiology of thyroid disorders in the Lifelines Cohort Study (the Netherlands). PLoS
One. 2020 Nov 25;15(11):¢0242795. 10.1371/journal.pone.0242795

Carmona Carmona C, Bedoya P, Acevedo J, Cardona Arias J. Prevalence of thyroid
disorders in an institution providing health services in Medellin-Colombia. Transl Biomed.
2018;9(2.149). DOI: 10.21767/2172-0479.100149

Diab N, Daya NR, Juraschek SP, Martin SS, McEvoy JW, Schulthei3 UT, Kottgen A, Selvin
E. Prevalence and risk factors of thyroid dysfunction in older adults in the community.
Scientific reports. 2019 Sep 11;9(1):13156. 10.1038/s41598-019-49540-z

Martin SS, Daya N, Lutsey PL, Matsushita K, Fretz A, McEvoy JW, Blumenthal RS,
Coresh J, Greenland P, Kottgen A, Selvin E. Thyroid function, cardiovascular risk factors,
and incident atherosclerotic cardiovascular disease: the Atherosclerosis Risk in
Communities (ARIC) Study. The Journal of Clinical Endocrinology & Metabolism. 2017
Sep 1;102(9):3306-15. 10.1210/jc.2017-00986

Mammen JS, McGready J, Oxman R, Chia CW, Ladenson PW, Simonsick EM. Thyroid

hormone therapy and risk of thyrotoxicosis in community-resident older adults: findings

1164


https://doi.org/10.2478%2Fjomb-2014-0044
https://doi.org/10.1155/2015/854265
https://doi.org/10.3389/fphar.2021.646287
https://doi.org/10.1016/j.lfs.2015.12.052
https://doi.org/10.1371/journal.pone.0242795
https://doi.org/10.1210/jc.2017-00986

Journal of Cardiovascular Disease Research

ISSN:0975 -3583,0976-2833  VOL 15, ISSUE 11, 2024

from the Baltimore Longitudinal Study of Aging. Thyroid. 2015 Sep 1;25(9):979-86.
10.1089/thy.2015.0180

13. Mancini A, Di Segni C, Raimondo S, Olivieri G, Silvestrini A, Meucci E, Currd D. Thyroid
hormones, oxidative stress, and inflammation. Mediators of inflammation.

2016;2016(1):6757154. 2016. 10.1155/2016/6757154
14.Sun H, LiJ, Song W, Tao J, Huang S, Chen S, Hou M, Xu G, Zhang Y. Nitric

oxide generated by nitrate reductase increases nitrogen uptake capacity by
inducing lateral root formation and inorganic nitrogen uptake under partial

nitrate nutrition in rice. Journal of Experimental Botany. 2015 May

1;66(9):2449-59. https://doi.org/10.1093/jxb/erv030.

15. Pohanka M. Assays of antioxidant capacity: optics and voltammetry. International Journal
of Electrochemical Science. 2023 Jul 11:100276.
https://doi.org/10.1016/j.ijjoes.2023.100276

1165


https://doi.org/10.1089/thy.2015.0180
https://doi.org/10.1089/thy.2015.0180
https://doi.org/10.1155/2016/6757154
https://doi.org/10.1093/jxb/erv030
https://doi.org/10.1016/j.ijoes.2023.100276

