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Serum Prooxidant-Antioxidant Balance and hs-CRP in Patients with

Clinical and Subclinical Hypothyroidism

Abstract

Background: Oxidative stress (OS) is caused by an imbalance between prooxidant substance
production and antioxidant defense. OS is involved in physiologic interactions in the body and
the pathogenesis of various disorders. This study aimed to evaluate serum prooxidant-antioxidant
balance (PAB) as a selective prooxidant, antioxidant defense, and acute phase reactant protein
in patients with subclinical and clinical hypothyroidism. Methods: This case-control study
was conducted in three groups including clinical hypothyroidism (32 patients), subclinical
hypothyroidism, (42 cases), and healthy controls (32 individuals). This study was performed in the
Endocrine Clinic of Arash Training and Research Hospital, Tehran, 2017. In the study groups, thyroid
hormones including T4 and Thyroid Stimulating Hormone (TSH), fasting blood glucose (FBG),
lipid profile, PAB, and hs-CRP as inflammatory markers were measured and compared between
the groups. Results: Among 106 participants, 95.3% were females, the gender balance was similar
across groups and mean age was 30.79 + 7.65 years. FBG and lipid profile except for cholesterol
level were not significantly different between the three study groups. However, cholesterol level in
the clinical hypothyroid group was significantly higher than the other two groups. PAB was higher
in subclinical hypothyroidism compared to healthy controls after adjustment for age and TSH
levels (P value: 0.04) but there was no significant difference in the clinical hypothyroid group in
comparison with healthy controls. In addition, there was no significant difference in high-sensitivity
C-reactive protein (hs-CRP) between the three study groups. Conclusions: This study suggests that
that subclinical hypothyroidism increases PAB in comparison to healthy control which could indicate
OS response in patients with subclinical hypothyroidism, respectively.
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Introduction

Thyroid dysfunction is a common endocrine
disorder which increases with age and
is more common in women. The rate of
thyroid dysfunction is different from 1 to
10% in different areas of the world.!! The
prevalence of hypothyroidism varies from
0.9 to 17.5% depending on the sensitivity
of the thyroid function test methods and
the population evaluated.”) The rate of
subclinical hypothyroidism (SCH) is higher
than that of clinical hypothyroidism.™

SCH is characterized by elevated TSH
levels with normal thyroxin (T4) levels.
The prevalence of SCH in the general
population is 3-8% and is higher in
females and increases with age.*4 Clinical
hypothyroidism is defined by elevated TSH
levels with reduced thyroxin levels. Both
SCH and clinical hypothyroidism have been

This is an open access journal, and articles are
distributed under the terms of the Creative Commons
Attribution-NonCommercial-ShareAlike 4.0 License, which
allows others to remix, tweak, and build upon the work
non-commercially, as long as appropriate credit is given and
the new creations are licensed under the identical terms.

For reprints contact: WKHLRPMedknow_reprints@wolterskluwer.com

associated with the same cardiovascular
consequences.?!

Oxidative stress (OS) occurs due to the
imbalance between the production of
prooxidant substances and antioxidant
defense  system. Reactive  oxygen
species (ROS) are important prooxidant
substances. ROS are produced in different
pathways and their harmful effects are
neutralized by antioxidant defenses. OS
is a routine event in the body. In normal
conditions, the physiological levels of ROS
are preserved at low levels in the cell by
various antioxidant defenses.

OS is involved in the pathogenesis of
various disorders such as inflammatory and
immune-mediated disorders, cardiovascular
disease,l®  chronic  kidney disease,!™
diabetes and its complications,”” cancer,?
thyroid ~ disorders,™'® and the aging
process.”!
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The production of ROS and other free radicals is ongoing
in the thyroid. Many biochemical compounds can be
damaged irreversibly or reversibly by free radicals
and these prooxidant components contribute to the
physiological and pathological processes in the thyroid
gland. It has been shown that in a hypermetabolic
condition in hyperthyroidism, the production of free
radicals increases,!'! while their production reduces in a
hypometabolic condition in hypothyroidism.!'

The thyroid hormones have a significant effect on OS[!314]
due to their role in cellular metabolism and oxygen
consumption in the mitochondria.!"”

OS and inflammation are closely related to each other and
OS is an important underlying mechanism of inflammation.
High-sensitivity C-reactive protein (hs-CRP) is a marker of
subclinical inflammation and is an independent predictor of
atherosclerosis and cardiovascular disease.

Studies regarding OS in SCH and clinical hypothyroidism
are not enough and their results are contradictory and
inconsistent.['>!*!] Different methods have been developed
to measure the total oxidants and antioxidants that are
indirect, expensive, and time-consuming. PAB is an assay
that simultaneously determines the serum prooxidant
load and antioxidant capacity in a single test.'’”l Although
measuring OS in thyroid disorders is not new, the PAB
method for measuring OS is new in this study. The main
objective of this study was to examine whether subclinical
and clinical hypothyroidism before starting therapy with
levothyroxine are associated with an increase in OS and
inflammatory markers.

Methods
Study design

This case-control study was conducted prospectively during
the year 2017 in the Endocrinology Outpatient Clinic of
Arash Training and Research Hospital, Tehran, Iran.

This  study included three groups:  Subclinical
hypothyroidism group (42 patients), clinical hypothyroidism
group (32 patients), and control group (32 individuals).
Patients with TSH levels of equal to or greater than 5
but less than 10 mIU/L and with normal T4 levels were
in the subclinical hypothyroidism group. Patients who had
clinical hypothyroidism symptoms or signs and TSH levels
of equal or greater than 10 mIU/L were in the clinical
hypothyroidism group. Healthy volunteers with normal
thyroid function (normal T4 and TSH levels less than
5 mIU/L) and anti-thyroid peroxidase (anti-TPO) less than
34 TU/mL were considered under the control group.

Patients aged between 17 and 42 years and confirmed in
the subclinical or clinical hypothyroidism group before
starting the therapy with levothyroxine and healthy
volunteers with normal thyroid function were included in
the study. Patients taking levothyroxine, lipid-lowering
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agents, antihypertensive drugs, and vitamin supplements
effective on oxidative stress as well as those with a history
of diabetes and cardiovascular, renal, and hepatic diseases,
pregnancy, or planning for pregnancy, smoking, and
alcohol use were excluded from the study. The body mass
index (kg/m?) was calculated by dividing weight by height
square.

Laboratory evaluation

After 12-h of overnight fasting, the blood sample was
collected and stored at —80°C until assay. The thyroid
hormones as well as fasting blood sugar (FBS), total
cholesterol, and fractions, triglycerides, hs-CRP as an
inflammatory marker, and serum prooxidant-antioxidant
balance (PAB) were measured.

The FBG and lipid profile were measured using the
calorimetric method. Low-density lipoprotein (LDL)
cholesterol was calculated with the Friedewald formula.
Serum TSH and T4 were measured using the Enzyme-
Linked Immunosorbent Assay (ELISA) method (Pars
Azmoon kit, Iran).

High-sensitivity C-reactive protein measurement

This protein was measured by a (Polyethylene Glycol
(PEG)-enhanced immuno-turbidometry method using
commercially-obtained kits with an Alcyon® analyzer.

Serum prooxidant-antioxidant balance assay

The serum prooxidant-antioxidant balance was measured
by the PAB assay. The chemical solutions were peroxidase
enzyme (Applichem: 230 U/mg, A3791,0005, Darmstadt,
Germany), Tetramethylbenzidine (TMB) powder
(3,3,5,5'-tetramethylbenzidine, Fluka), chloramine T
trihydrate (Applichem: A4331, Darmstadt, Germany), and
hydrogen peroxide (30%) (Merck). The standard solutions
were prepared by mixing various ratios (0—100%) of 250
mM hydrogen peroxide with 3 mM uric acid (in 10 mM
NaOH). The TMB powder (6 mg) was dissolved in 1 mL
Dimethyl Sulfoxide (DMSO). To prepare the TMB cation,
400 uL of the TMB/DMSO solution was added to 20 mL
of acetate buffer (0.05 M buffer, pH 4.5), and then 70 uL
of fresh chloramine T (100 mM) solution was added to this
20 mL. The solution was mixed thoroughly and incubated
for 2 h at room temperature in a dark place. Then 25 U
of peroxidase enzyme solution was added to 20 mL of
TMB cation solution, dispensed in 1 mL aliquots, and
stored at —20°C. To prepare the TMB solution, 200 uL of
TMB/DMSO was added to 10 mL of acetate buffer (0.05
M buffer, pH 5.8) and the working solution was prepared
by mixing 1 mL TMB cation with 10 mL of TMB
solution. This working solution was incubated for 2 min
at room temperature in a dark place and was then used
immediately. Ten microliters of each sample, standard or
blank (distilled water) were mixed with 200 uL of working
solution in each blank well of a 96 well-plate, which was
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then incubated in a dark place at 37°C for 12 min. After
the incubation time, 100 pL of 2 N HCI was added to each
well, and the optical density (OD) was measured by an
ELISA reader at 450 nm with a reference wavelength of
630 nm. A standard curve was provided from the values
relative to the standard samples. The values of the PAB are
expressed in an arbitrary (HK) unit, which is the percentage
of hydrogen peroxide in the standard solution. The values
of the unknown samples were then calculated based on the
values obtained from the above standard curve.!'”!

The Ethics Committee at the Tehran University of Medical
Sciences approved the study protocol (Approval ID:
IR.TUMS.REC. 1395.29.7, Approval Date: 2017-1-30)
and written informed consent was obtained from all the
participants before enrollment. The study was conducted
according to the principles of the revised version of the
Helsinki Declaration.!'®!

Statistical analysis

Numerical data are presented as mean and standard
deviation and categorical data as number and percentage.
For comparison of three groups, Analysis of variance
(ANOVA) using the Tukey test was used for data with
normal distribution and the Kruskal-Wallis test was used
for data without normality. Simple linear logistic regression
was used for comparison of hs-CRP and PAB between three
study groups and the 95% confidence interval (95% CI) was
calculated for the strength of association. The SPSS software
version 20.00 for Windows was used for data analysis.
A P value less than 0.05 was considered significant.

Results

In the three study groups, 106 participants including 101
women (95.3%) and 5 men (4.7%) with a mean age of
30.79 £ 7.65 years were included and the male/female ratio
was comparable between the three study groups (P value:
0.66). The demographic characteristics, as well as thyroid
hormones and lipid profile in the three study groups, have
been shown in Table 1.

Age in the overt hypothyroid group was significantly
higher than in the control group [Table 1]. There was no
significant difference in the BMI between the three study
groups [Table 1].

The fasting blood glucose (FBG) and lipid profile, except
for cholesterol level, were not significantly different
between the three groups [Table 1]. However, the
cholesterol level in the clinical hypothyroid group was
significantly higher than in the other two groups [Table 1].

A significant difference was observed in the anti-TPO and
TSH levels between the three study groups and they were
higher in the clinical hypothyroid group [Table 1].

Due to significant differences in age and TSH levels
between the three study groups, the prooxidant-antioxidant
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balance (PAB) and hs-CRP were compared after an
adjustment for age and TSH levels in the multiple linear
regression model [Table 2]. PAB was significantly higher
in subclinical hypothyroidism in comparison with the
control group (P value: 0.04) but there was no significant
difference in the clinical hypothyroid group. In addition,
there was no significant difference in hs-CRP as a marker
of inflammation between the groups [Table 3].

Discussion

In this study, we found a significantly increased PAB in
patients with subclinical hypothyroidism in comparison
with normal healthy controls and no difference in hs-CRP
between clinical, subclinical hypothyroidism, and control
groups.

The thyroid hormones determine the basal cell
metabolic rate and regulate metabolism and oxygen
consumption.'” This role of thyroid hormones in energy
metabolism is performed through the mitochondria that are
the main intracellular target for calorigenic effects of the
thyroid hormones. These hormones are associated with an
oxidative and antioxidative status. The mitochondria also
are the main intracellular target for tissue damage induced
by OS due to the thyroid hormones. The changes in the
thyroid hormone’s levels could increase ROS generation
by changes in the mitochondrial respiratory chain which is
diluted by the antioxidants.?%

The increased oxygen consumption by triiodothyronine due
to the overproduction of ROS disrupts PAB and leads to
OS which consequently damages cellular structures such as
lipids, proteins, and Deoxyribonucleic acid (DNA).?!

Numerous studies have shown that altered thyroid function
causes an alteration in the antioxidant defense system in
various tissues.>?¥! Some studies have demonstrated a
reduction in the antioxidant status®® while other studies
reported an unaltered antioxidant system in SCH.[*]

The information about the status of OS in hypothyroidism
is controversial, but a greater OS has been reported in
patients with SCH and Clinical Hypothyroidism (CH)
in comparison with euthyroid controls. We observed a
significant difference in the PAB in SCH and control
group in the linear multiple regression model but in CH
there was no difference in the PAB in CH compared to the
normal healthy group. However, these groups were older,
which could affect the measurement results of OS. In some
other studies, a significant increase of OS status in CH
compared to SCH has been shown.””?? This finding could
be related to different methods of oxidative antioxidative
status measurement in these studies. In addition, it might
be due to more advanced disease and destruction of the
thyroid in CH that could reduce ROS production. On the
other hand, significant differences in PAB were found
between SCH and controls after the adjustment of age and
TSH. This means that the variable TSH and age are not
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Table 1: Demographic characteristics and biochemical parameters in patients with subclinical and clinical
hypothyroidism and control groups

Variable Control n=32 Subclinical Hypothyroidism n=42 Clinical Hypothyroidism n=32 P
Gender (M/F) 1/31 2/40 2/30 0.66
Age (year) 28.34+6.74 30.40+7.14 34.60+8.13 0.002*
BMI (kg/m?) 26.60+6.17 25.32+3.97 28.53+£5.43 0.28
FBG (mg/dL) 85.17+10.11 80.89+14.28 87.07+14.35 0.13
TG (mg/dL) 96.20+50.11 100.54+56.82 113.70£69.66 0.67
CHOL (mg/dL) 132.88+30.05 138.97+£27.07 153+30.90 0.01*
HDL (mg/dL) 28.10+17.02 28.09+7.50 26.53+7.78 0.83
LDL (mg/dL) 69.28+19.39 72.29+17.05 78.20+26.59 0.21
TSH (mU/L) 2.77+1.11 6.60£1.19 21.04+17.19 <0.001*
T4 (ng/dL) 7.85+3.42 6.14+3.99 6.37+1.93 0.38
Anti-TPO (IU/mL) 17.10+20.64 141.40+251.34 276.75+214.66 <0.001*

The results are expressed as mean+standard deviation. BMI: Body mass index, Anti-TPO, anti-thyroid peroxidase, FBG: Fasting blood
glucose, TG: Triglyceride, CHOL: Cholesterol, HDL: High-density lipoprotein cholesterol, LDL: Low-density lipoprotein cholesterol.
*P<0.05 significant

Table 2: Prooxidant-antioxidant balance and acute phase reactant protein in the serum of patients with different levels

of hypothyroidism
Variable Euthyroid state Subclinical Hypothyroidism Overt Hypothyroidism Range
hs-CRP (mg/L) 1.88+0.35 2.67+0.75 2.05+0.33 0.15-7.55
PAB (HK unit, arbitrary unit) 81.5449.17 109.63+8.33 105.46+10.14 10.10-228.02

The results are expressed as adjusted mean=+standard error after adjustment for age and TSH in multivariate analysis. PAB: Prooxidant-
antioxidant balance

Table 3: Relationship between euthyroid state, subclinical, and clinical hypothyroidism with hs-CRP and PAB after
adjustment for TSH and age

Variable Regression coefficient CI 95% P
hs-CRP (mg/L) Euthyroid state
Subclinical hypothyroidism 0.79 -0.85-2.44 0.34
Clinical hypothyroidism 0.17 -2.21-2.41 0.93
PAB (HK unit, Euthyroid state
arbitrary unit) Subclinical hypothyroidism 28.09 0.72-50.98 0.04*
Clinical hypothyroidism 23.92 -45.6-25.46 0.051

PAB: Prooxidant- antioxidant balance. *P<0.05 statistical significance

responsible for the differences observed and it could have
been due to various types of food such as oxidized fat
and environmental pollutants. Also, some factors influence
the antioxidant efficacy and levels such as dietary intake,
physical activity, stress, and socioeconomic status.[*”

Both hyperthyroidism and hypothyroidism are associated
with OS but the mechanisms of OS generation in these
two conditions are different.’!) An increased generation of
ROS and impaired antioxidant system have been shown
in hyperthyroidism and hypothyroidism which indicates a
strong impact of the thyroid hormones on OS and PAB.5?

In the hyperthyroid state, ROS production increases,
and the overall antioxidant capacity of the mitochondria
reduces. This condition increases the susceptibility of the
mitochondria to OS. Some studies demonstrated that in
hypothyroidism, the antioxidants reduce and the depression
of metabolism reduces oxidant production, and thus,
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protects the tissues against oxidant damage.’*) Despite a
few studies reporting the presence of OS in hypothyroidism,
its occurrence has been denied by others, therefore, OS in
hypothyroidism is a relatively controversial topic.??! This
OS is the cause of some complications of hyperthyroidism
and hypothyroidism in target tissues.*?! Furthermore, the
thyroid hormones by themselves can act as oxidants and
cause DNA damage.!'” In addition, the OS increases in the
other thyroid disorders including Hashimoto’s thyroiditis
and autoimmune thyroiditis.+3¢

The thyroid hormones which influence the metabolic rate
also increase the synthesis and degradation of cholesterol
and triglycerides.*? In our study, the cholesterol level in the
clinical hypothyroidism was significantly higher than the
SCH and normal group. Dyslipidemia is common in thyroid
disorders which occurs through different mechanisms and
mainly affects the total and LDL cholesterol which is
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consistent with our current study findings.***%! In addition,
LDL and high-density lipoprotein (HDL) particle oxidation
have been reported in this condition.?” However, our study
did not represent an increase in the OS or inflammatory
status in CH. In this study, the clinical hypothyroid patients
seem to have mild to moderate hypothyroidism, so they
did not show other lipid profile abnormalities such as
hypertriglyceridemia.

In our experience, this is the first study to evaluate OS and
antioxidant defense with a single test (PAB) in a group
of patients with clinical and subclinical hypothyroidism.
It can be said with some certainty that PAB increases in
subclinical hypothyroidism.

The main limitation of the current study was a relatively
small sample size that may have caused the difference not
to be significant in overt hypothyroidism, marginally.

Future studies with greater sample size and comparing the
findings after the replacement therapy with levothyroxine
are required to confirm our study findings.

Conclusions

This study suggests that subclinical hypothyroidism
increases PAB in comparison to healthy control which
could indicate OS response in patients with subclinical
hypothyroidism, respectively. Further studies are required
to show whether the OS is a cause or result of subclinical
hypothyroidism.

Declaration of patient consent

The authors certify that they have obtained all appropriate
patient consent forms. In the form the patient(s) has/have
given his/her/their consent for his/her/their images and
other clinical information to be reported in the journal. The
patients understand that their names and initials will not
be published and due efforts will be made to conceal their
identity, but anonymity cannot be guaranteed.

Financial support and sponsorship
Nil.

Conflicts of interest

There are no conflicts of interest.
Received: 09 Oct 20 Accepted: 21 Sep 21
Published: 20 Sep 22

References

1. Vanderpump MP, TW. The epidemiology of thyroid diseases. In:
Braverman LE, Utiger RD, editors. The Thyroid: A Fundamental
and Clinical Text. 8" ed. Philadelphia: Lippincott Williams and
Wilkins; 2000. p. 467-73.

2. Diez JJ. Hypothyroidism in patients older than 55 years an
analysis of the etiology and assessment of the effectiveness of
therapy. J Gerontol A Biol Sci Med Sci 2002;57:M315-20.

3.  Karmisholt J, Andersen S, Laurberg P. Variation in thyroid
function tests in patients with stable untreated subclinical

International Journal of Preventive Medicine 2022, 13: 120

10.

11.

12.

13.

14.

15.

16.

17.

19.

20.

21.

. World Medical

hypothyroidism. Thyroid 2008;18:303-8.

Fatourechi V. Subclinical hypothyroidism: An update for primary.
Mayo Clin Proc 2009;84:65-71.

Tseng F-Y, Lin W-Y, Lin C-C, Lee L-T, Li T-C, Sung P-K, et al.
Subclinical hypothyroidism is associated with increased risk
for all-cause and cardiovascular mortality in adults. J Am Coll
Cardiol 2012;60:730-7.

Valko M, Leibfritz D, Moncol J, Cronin MTD, Mazur M,
Telser J. Free radicals and antioxidants in normal physiological
functions and human disease. Int J Biochem Cell Biol
2007;39:44-84.

Tenorio-Velazquez VM, Barrera D, Franco M, Tapia E,
Hernandez-Pando R, Medina-Campos ON, et al. Hypothyroidism
attenuates protein tyrosine nitration, oxidative stress and renal
damage induced by ischemia and reperfusion: Effect unrelated to
antioxidant enzymes activities. BMC Nephrol 2005;6:12.
Chandrasekaran A, Idelchik MDPS, Melendez JA. Redox
control of senescence and age-related disease. Redox Biol
2017;11:91-102.

Liguori I, Russo G, Curcio F, Bulli G, Aran L, Della-Morte D,
et al. Oxidative stress, aging, and diseases. Clin Interv Aging
2018;13:757-72.

Mancini A, Segni CD, Raimondo S, Olivieri G, Silvestrini A,
Meucci E, et al. Thyroid hormones, oxidative stress, and
inflammation. Mediators Inflamm 2016;2016:6757154.

Ali AA, Sultan PSS. The effects of hyperthyroidism on lipid
peroxidation, erythrocyte glutathione and glutathione peroxidase.
J Med Biochem 2011;30:11-4.

Santi A, Duarte MMMF, Moresco RN, Menezes C, Bagatini MD,
Schetinger MRC, et al. Association between thyroid hormones,
lipids and oxidative stress biomarkers in over hypothyroidism.
Clin Chem Lab Med 2010;48:1635-9.

Tejovathi B, Suchitra MM, Suresh V, Reddy VS, Sachan A,
Srinivas Rao PVLN, et al. Association of lipid oxidation with
endothelial dysfunction in patients with overt hypothyroidism.
Exp Clin Endocrinol Diabetes 2013;121:306-9.

Messarah M, Saoudi M, Boumendje A, Boulakoud MS,
Feki AE. Oxidative stress induced by thyroid dysfunction
in rat erythrocytes and heart. Environ Toxicol Pharmacol
2011;31:33-41.

Peppa M, Betsi G, Dimitriadis G. Lipid abnormalities and
cardiometabolic risk in patients with overt and subclinical
thyroid disease. J Lipids 2011;2011:575840.

Cheserek MJ, Wu G-R, Ntazinda A, Shi Y-H, Shen L-Y, Le G-W.
Association between thyroid hormones, lipids and oxidative
stress markers in subclinical hypothyroidism. J Med Biochem
2015;34:323-31.

Ehteram H, Bavarsad MS, Mokhtari M, Saki N, Soleimani M,
Parizadeh SMR, et al. Prooxidant-antioxidant balance and
hs-CRP in patients with beta-thalassemia major. Clin Lab
2014;60:207-15.

Association. World medical association
declaration of Helsinki: Ethical principles for medical research
involving human subjects. JAMA 2013;310:2191-4.

McAninch EA, Miller BT, Ueta CB, Jo S, Kim BW. Thyroid
hormone at near physiologic concentrations acutely increases
oxygen consumption and extracellular acidification in LH86
hepatoma cells. Endocrinology 2015;156:4325-35.
Chattopadhyay S, Sahoo DK, Roy A, Samanta L, Chainy GBN.
Thiol redox status critically influences mitochondrial response to
thyroid hormone-induced hepatic oxidative injury: A temporal
analysis. Cell Biochem Funct 2010;28:126-34.

Fernandez V, Tapia G, Varela P, Romanque P, Cartier-Ugarte D,

5



22.

23.

24.

25.

26.

27.

Shirzad, et al.: Prooxidant-antioxidant balance in subclinical hypothyroidism

Videla LA. Thyroid hormone-induced oxidative stress in
rodents and humans: A comparative view and relation to redox
regulation of gene expression. Comp Biochem Physiol C Toxicol
Pharmacol 2006;142:231-9.

Jena S, Bhanja S. Hypothyroidism alters antioxidant defence
system in rat brainstem during postnatal development and
adulthood. Neurol Sci 2014;35:1269-74.

Cattani D, Goulart PB, de Liz Oliveira Cavalli VL,
Winkelmann-Duarte E, Santos AQ, Pierozan P, ef al. Congenital
hypothyroidism alters the oxidative status, enzyme activities and
morphological parameters in the hippocampus of developing
rats. Mol Cell Endocrinol 2013;375:14-26.

Bhanja S, Jena S. Modulation of antioxidant enzyme expression
by PTU-induced hypothyroidism in cerebral cortex of postnatal
rat brain. Neurochem Res 2013;38:42-9.

Lingidi JL, Mohapatra E, Doddigarla Z, Kumari S. Serum lipids
and oxidative stress in hypothyroidism. JARBS 2013;5:63-6.
Torun AN, Kulaksizoglu S, Kulaksizoglu M, Pamuk BO,
Isbilen E, Tutuncu NB. Serum total antioxidant status and lipid
oxidation marker malondialdehyde levels in overt and subclinical
hypothyroidism. Clin Endocrinol (Oxf) 2009;70:469-74.
Haribabu A, Seshadri Reddy V, Pallavi C, Bitla AR, Sachan A,
Pullaiah P, er al. Evaluation of protein oxidation and its
association with lipid oxidation and thyrotropin levels in overt
and subclinical hypothyroidism. Endocrine 2013;44:152-7.

28.

29.

30.

31.

32.

33.

34.

35.

36.

Hanasand M, Omdal R, Norheim KB, Gegransson LG, Brede C,
Jonsson G. Improved detection of advanced oxidation protein
products in plasma. Clin Chim Acta 2012;413:901-6.

Barsotti A, Fabbi P, Fedele M, Garibaldi S, Balbi M, Bezante GP,
et al. Role of advanced oxidation protein products and thiol
ratio in patients with acute coronary syndromes. Clin Biochem
2011;44:605-11.

Motamayel FA. Oxidative stress and antioxidants. Avicenna J
Dent Res 2011;3:1-11.

Resch U, Helsel G, Tatzber F, Sinzinger H. Antioxidant status in
thyroid dysfunction. Clin Chem Lab Med 2002;40:1132-4.
Asayama K, Kato K. Oxidative muscular injury and its relevance
to hyperthyroidism. Free Radic Biol Med 1990;8:293-303.

Coria MJ, Pastran Al, Gimenez MS. Serum oxidative stress
parameters of women with hypothyroidism. Acta Biomed
2009;80:135-9.

Ates 1, Yilmaz FM, Altay M, Yilmaz N, Berker D, Giiler S.
The relationship between oxidative stress and autoimmunity in
Hashimoto’s thyroiditis. Eur J Endocrinol 2015;173:791-9.

Ates I, Arikan MF, Altay M, Yilmaz FM, Yilmaz N, Berker D,
et al. The effect of oxidative stress on the progression of
Hashimoto’s thyroiditis. Arch Physiol Biochem 2018;124:351-6.
Metwalley KA, Farghaly HS, Saad K, Othman HAK. Oxidative
status in children and adolescents with autoimmune thyroiditis.
Clin Exp Med 2016;16:571-5.

International Journal of Preventive Medicine 2022, 13: 120



