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Abstract
Objective: We have aimed to study the relation between Hashimoto’s thyroiditis (HT) and thyroid autoantibodies and

oxidative stress parameters in euthyroid, subclinical and overt hypothyroid stages.

Design and methods: A total of 124 patients were included in the study; 93 of whom were newly diagnosed with HT

(31 patients in each of the euthyroid, subclinical hypothyroid and overt hypothyroid subgroups), aged over 18 and had not

received any prior treatment and 31 of whom were healthy volunteers.

Results: Total oxidant status (TOS) and oxidative stress index (OSI) levels were higher, and total antioxidant status (TAS) and

total thiol and arylesterase levels were lower in the overt hypothyroid group compared to other groups. TOS and OSI levels

increased, and TAS levels decreased significantly in each phase from euthyroid, subclinical hypothyroid, to overt hypothyroid

subgroups among HT patients. There was a negative correlation between TAS, log (paraoxonase1) and paraoxonase1/HDL and

anti-thyroid peroxidase and a negative correlation between anti-thyroglobulin and total thiol. It was also determined that

overt hypothroidism was an individual predictor that effects all of the oxidative stress parameters, but not total thiol, levels.

Conclusion: Our results suggest that oxidative stress increases continuously during the development of subclinical

hypothyroidism and overt hypothyroidism in patients with HT. To determine whether this is a cause or result, randomized,

controlled trials that study the effect of antioxidant treatment on the development of overt hypothyroidism and its

consequences, e.g., increase in total cholesterol levels, may be performed in euthyroid and/or subclinical hypothyroid

patients with HT.
ed
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Introduction
Hashimoto’s thyroiditis (HT) is a chronic autoimmune

inflammatory disease of the thyroid gland. The T and B

lymphocytes that are stimulated against thyroglobulin

(TG) and thyroid peroxidase (TPO) cause thyroid destruc-

tion and inflammation in HT. The T and B lymphocytes

may cause the excessive production of reactive oxygen

species (ROS) through nicotinamide adenine dinucleotide

phosphate (NADPH) oxidase (NOX) enzyme when they

are stimulated (1, 2). In physiological conditions, ROS

(hydrogen peroxide) are molecules that are necessary for

the thyroid hormone synthesis (in iodine oxidation and

binding to amino acids) within thyroid epithelial cells.

However, there may be an excessive increase in the
hydrogen peroxide levels in the presence of some

stimulants such as inflammation (T and B lymphocyte

activation), radiation, chemical materials, excessive iodine

intake and drugs. In this milieu of excessively increased

hydrogen peroxide, thyrocytes become apoptotic, necro-

tic and consequently destructed (3). In other words, free

radicals, as soon as they are formed, damage the proteins,

lipids, carbohydrates and DNA in the cells, leading to

severe oxidative damage resulting in necrosis (4, 5).

Another situation that could lead to ROS increase in

HT is the decrease in the antioxidant enzyme (superoxide

dismutase, glutathion) synthesis, due to the decrease in

thyroid hormone levels. Moreover, it is also known that
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hyperlipidemia that develops with the decrease in thyroid

hormone levels also leads to an increase in ROS (6, 7, 8, 9).

There are many enzymatic or non-enzymatic molecules

that reflect the oxidant and antioxidant status of the body.

Total oxidant status (TOS) and total antioxidant status

(TAS) reflects the general status of the oxidative levels in

the body. The paraoxanase 1 (PON1) enzyme is a serum

arylesterase enzyme that is closely bound with HDL,

which protects LDL against oxidative damage. Thiols are

compounds that comprise sulfhydryl (SH) groups that are

bound to carbon atoms. Total thiol (total SH) is an

antioxidant that can react with free radicals to protect

against tissue and cell damage that is caused by ROS (10).

Many studies have shown that T and B lymphocytes

contribute to the pathogenesis of autoimmune diseases by

the production of autoantibodies and ROS under environ-

mental and genetic influence. For example, in systemic

lupus erythematosus, which is an autoimmune disease, it

has been proposed that oxidative stress may play a role in

pathogenesis as well as increase in the course of the disease

(11). Similarly, oxidative stress has also been demon-

strated to be high in systemic sclerosis, another auto-

immune disease (12). However, there are a number of

studies in the literature examining the relation between

oxidative stress and HT (6, 13, 14, 15). These studies had

been performed on small patient populations, used only

some of the oxidative stress parameters and yielded

conflicting results. Thus, in this study we have aimed to

investigate the relationship of a whole set of oxidative

stress parameters with euthyroid, subclinical and overt

hypothyroid stages of HT.
Subjects and methods

Study population

This study has been conducted at the departments of

Internal Medicine and Endocrinology in the Ankara

Numune Training and Research Hospital between

September 2013 and September 2014.

A total of 124 subjects aged over 18 years were

included in the study. Ninety-three patients newly

diagnosed with HT, who had not received any treatment,

formed the patient group, and 31 age-, BMI- and sex-

matched healthy volunteers who were not suffering

from any known diseases served as the control group.

The patient group is divided further into three subgroups,

each containing 31 patients: euthyroid, subclinical

hypothyroidism and overt hypothyroidism. To provide

homogeneity, patients in each subgroup are involved
www.eje-online.org
consecutively according to their laboratory data on a first

come, first served basis.

Patients who had hypertension, diabetes mellitus,

acute or chronic kidney disease, proteinuria at a nephrotic

level, coronary artery disease, heart failure, peripheral

artery disease, cerebrovascular disease, malignancy, liver

diseases or disease related with rheumatism, or were taking

antioxidant agents, lipid lowering drugs or vitamin

supplements or smoked tobacco or consumed any amount

of alcohol were not included in the study.

Hashimoto’s thyroiditis was diagnosed when the anti-

TG and/or anti-TPO was positive in the serum together

with the presence of parenchymal heterogeneity on

thyroid ultrasonography (USG). Patients who had HT

were further classified as euthyroid (free thyroxine (fT4)

and thyroid stimulating hormones (TSH) within normal

ranges), subclinical hypothyroidism (normal fT4 and

elevated TSH levels) and overt hypothyroidism (increased

TSH with low fT4 levels).

All of the subjects in the control group had normal

serum TSH, fT4, anti-TG and anti-TPO levels and normal

thyroid imaging (homogenous parenchyma without

nodules) on USG.

The BMI was calculated by dividing the body weight

(kg) with the square of height in meters (BMIZkg/m2).

The study was conducted in accordance with the

Declaration of Helsinki 2013 Brasil version and was

approved by the Local Ethics Research Committee. All

subjects provided written informed consent prior to

participation in the study.
Biochemical parameters

Venous blood samples were obtained from all subjects in

both groups after an overnight fast between 0800 and

0900 and immediately centrifuged for 10 min at 1500 g;

serum samples were stored at K80 8C until assay. Then, all

oxidative stress parameters were measured in the same

serum sample at once.

The TSH, fT4, anti-TPO and anti-TG were measured

with a Cobas e 601 (Catolog No: 11731459122,

03051986190, 1173129722, 06368697190, Roche Diag-

nostics, Mannhaim, Germany) autoanalyzer using the

electrochemyluminescence immunoassay method. The

total cholesterol and triglyceride were measured with a

Hitachi Modular P800 (Roche Diagnostics Corp.) auto-

analyzer using the enzymatic colorimetric method, and

HDL was measured using the cholesterol homogenous

enzymatic colorimetric method. LDL cholesterol was

calculated with the Friedewald formula (16).
Downloaded from Bioscientifica.com at 03/06/2022 09:34:59AM
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Assays for oxidants and antioxidants

Serum TOS level was measured with the colorimetric

method by means of a commercial kit (Rel Assay

Diagnostics, Gaziantep, Turkey, REF. No: RL0024, LOT

No: JE 14048Og) with %CV, ten and linearity,

0–33.5 mmol/l.

Serum TAS levels were measured with the colorimetric

method using a commercial kit (Rel Assay Diagnostics,

REF. No: RL0017, LOT No: JE 14042A) with %CV, ten and

linearity, 0–2.75 mmol/l.

Serum total SH levels were measured with the

colorimetric method using a commercial kit (Rel Assay

Diagnostics, REF. No: RL0178, LOT No: AL 13011TL).

Serum PON1 levels were measured with the colori-

metric method using a commercial kit (Rel Assay

Diagnostics, REF. No: RL0031, LOT No: JE14028P) with

%CV, five, and linearity, 0–750 U/l.

Serum arylesterase levels were measured with the

colorimetric method using a commercial kit (Rel Assay

Diagnostics, REF. No: RL0055, LOT No: JR13017AR).

Oxidative stress index is calculated by dividing TOS

(mmol H2O2 equivalent/l) into TAS (mmol Trolox equiv-

alent/l). There is no standard value or a range for an OSI level;

it is only used to make comparisons between groups (17).
Thyroid ultrasonography evaluation

Thyroid USG was carried out with a Logic 7 (General

Electric Med, Inc., Milwaukee, USA) USG device having
Table 1 Demographic, characteristics and the distribution of labo

variables were shown in numbers and percentage; numerical varia

Variables Control (nZ31) Euthyroid (nZ31)

Gender, male n (%) 7 (22.6) 7 (22.6)
Age (years) 41.3G8.8 41.5G8.6
BMI (kg/m2) 28.1G4.1 28.2G4.6
TSH (mIU/ml) 1.9G0.7a,b 2.3G0.9a,b

fT4 (ng/dl) 1.0G0.1b 1.1G0.1b

Anti-TG (IU/ml) 15.4G6.1a,b,d 389.4G134.7a,b,c

Anti-TPO (IU/ml) 9.02G4.25a,b,d 153.46G76.4a,b,c

TC (mg/dl) 188.7G30.9b 191.3G37.9b

TG (mg/dl) 113.6G61.9 117.1G88.7
LDL (mg/dl) 111.1G25.1 111.6G32.5
HDL (mg/dl) 50.3G10.7b,d 57.2G14.8a,c

Non-HDL (mg/dl) 133.8G29.9 134.7G39.9

TC, total cholesterol; TG, thyroglobulin; TSH: thyroid stimulating hormone; fT4,
TC, total cholesterol; TG, triglyceride. *P!0.05 statistically significant (ANOVA
aDifferent from the subclinical group (Bonferroni test P!0.05).
bDifferent from the hypothyroid group (Bonferroni test P!0.05).
cDifferent from the control group (Bonferroni test P!0.05).
dDifferent from the euthyroid group (Bonferroni test P!0.05).
a 7.5 MHz probe by the same radiologist who was

completely blind for the diagnosis of the patient.
Statistical analysis

Statistical evaluation has been carried out using the

Statistical Package for Social Sciences for Windows,

version 20.0 (IBM SPSS, Inc.) Software. The normal

distribution of data was evaluated with the Kolmogorov-

Smirnov test. Numerical variables that do not show

normal distribution have been converted into normal

distribution using logarithmic conversion. Numerical

variables were shown as meanGS.D. Categorical variables

were defined as numbers and percentages. The ANOVA

test was used to compare the risk factors of the control,

euthyroid, subclinical and overt hypothyroidism patients,

and the Bonferroni correction T-test was used in all binary

comparisons. c2 and Fisher’s absolute c2-test were used to

compare categorical data. The risk factors that affected the

levels of oxidative stress parameters were determined by

linear regression analysis. A P value !0.05 was accepted to

be statistically significant in all comparisons.
Results

The demographic, characteristic and laboratory findings

of all groups are summarized in Table 1. The population of

the study consisted of 124 patients with equal numbers

of euthyroid (nZ31), subclinical hypothyroidism (nZ31)
ratory findings to the control and patient groups. Categorical

bles were shown as meanGS.D.

Subclinical

hypothyroidism

(nZ31)

Overt

hypothyroidism

(nZ31) P

7 (22.6) 7 (22.6) 0.999
41.3G10.8 41.4G13.9 0.999
28.3G4.7 28.4G5.9 0.997
6.3G2.3b,c,d 30.5G12.1a,c,d !0.001*
1.1G0.1b 0.7G0.1a,c,d 0.014*

477.7G147.6b,c,d 690.3G124.8a,c,d 0.005*
241.57G66.1c,d 262.4G58.7c,d 0.001*
193.2G40.7b 215.4G41.1a,c,d 0.024*
127.7G74.5 129.97G74.0 0.794
115.9G34.9 109.1G41.8 0.878
50.7G12.1b,d 57.7G13.5a,c 0.033*

141.7G39.8 133.8G49.1 0.839

free thyroxin; anti TG, anti thyroglobulin; anti TPO, anti thyroid peroxidase;
test).
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and overt hypothyroidism (nZ31) with HT and the

healthy control (nZ31) group. All four groups were similar

with regard to age, BMI and sex. Total cholesterol levels

were higher in overt hypothyroid patients than in the

other two patient subgroups (subclinical hypothyroid and

euthyroid) and the controls (215.4G41.1 vs 193.2G40.7

vs 191.3G37.9 vs 188.7G30.9, PZ0.024, respectively).

Euthyroid, subclinical hypothyroid and control groups

had similar total cholesterol levels. Triglyceride, LDL and

non-HDL levels did not show any differences among the

groups. The HDL levels were similar between euthyroid

and overt hypothyroid patients but were higher in these

groups than the subclinical hypothyroidism and control

groups (57.2G14.8 vs 57.7G13.5 vs 50.7G12.1 vs 50.3G

10.7, PZ0.033, respectively). The levels of oxidative stress

parameters are presented in Table 2.

The mean TAS levels were lower in overt hypothyroid

patients in comparison to other groups, whereas it was

similar between the control, euthyroid and subclinical

hypothyroid groups (1.5G0.2 vs 1.7G0.1 vs 1.7G0.1 vs

1.7G0.1, P!0.001, respectively).

The mean OSI and mean TOS levels were higher in the

overt hypothyroidism group than in the other groups

(4.3G2.3 vs 2.9G0.8 vs 3.0G1.1 vs 2.4G0.7, P!0.001;

6.5G1.9 vs 5.0G1.3 vs 5.1G1.9 vs 4.1G1.1, PZ0.006,

respectively). Although mean OSI and mean TOS levels

were similar between euthyroid and subclinical hypothyr-

oid groups, they were higher in these two groups than the

controls.

The mean total SH levels were higher in the euthyroid

group compared to all other groups. Although mean total

SH levels were similar in the control and subclinical

hypothyroid groups, they were higher than the overt
Table 2 The level of all oxidative stress parameters according to g

Variables Control (nZ31) Euthyroid (nZ

TAS (mmol Trolox equivalent/l) 1.7G0.1a 1.7G0.2a

TOS (lmol H2O2 equivalent/l) 4.1G1.1a,c,d 5.0G1.3a

OSİ (arbitrary unit) 2.4G0.7a,c,d 2.9G0.8a

Total SH (mmol/l) 461.1G41.6a,c 487.1G45.1
Arylesterase (U/l) 1374.3G180.1a,c,d 1233.1G248.
Log (PON1) (U/l) 2.3G0.2a,c,d 2.1G0.2b

PON1/HDL 4.2G1.1a,c,d 2.5G0.8b

TAS, total antioxidant status; TOS, total oxidant status; OSI, oxidative stre
PON1, Paraoxonase 1. Numerical variables were shown as averageGS.D. *P!0.
aDifferent from the hypothyroid group (Bonferroni test P!0.05).
bDifferent from the control group (Bonferroni test P!0.05).
cDifferent from the euthyroid group (Bonferroni test P!0.05).
dDifferent from the subclinical group (Bonferroni test P!0.05).

www.eje-online.org
hypothyroid group (487.1G45.1 vs 461.1G41.6 vs

466.6G51.3 vs 442.8G63.9, PZ0.015, respectively).

The mean arylesterase level was lower in the overt

hypothyroid group than the other groups and was higher

in the control group than the other groups. A significant

difference was not found in the arylesterase level between

the euthyroid and subclinical hypothyroid groups

(1180.4G284.9 vs 1374.3G180.1 vs 1233.1G248.5 vs

1230.3G231.8, PZ0.018, respectively).

The mean PON1/HDL and logarithmic (log)(PON1)

levels were higher in the control group than all three

patient groups but were similar between the HT patient

subgroups. There were negative correlations between anti-

TPO and TAS, log(PON1) and PON1/HDL and a negative

correlation between anti-TG and total SH in all three of the

HT subgroups but not in the control group (Table 3).

In the regression model, the presence of hypothyroid-

ism was found to be the independent predictor that affects

the levels of TAS, TOS, OSI, log (PON1), arylesterase and

PON1/HDL ratios. The independent predictors that

affected the total SH level were anti-TG and age.

Independent predictors that affect the TAS level were

found to be the presence of hypothyroidism, TSH level

and age (Table 4).
Discussion

In our study, the oxidative stress level was higher in all

stages of HT when compared to the control group. There

was a negative correlation between thyroid autoantibodies

and total antioxidant homeostasis. In addition, the

presence of hypothyroidism, a condition in which thyroid

hormone deficiency, autoimmunity and inflammation
roups.

31)

Subclinical

hypothyroidism

(nZ31)

Overt

hypothyroidism

(nZ31) P

1.7G0.1a 1.5G0.2b,c,d !0.001*
,b 5.1G1.9a,b 6.5G1.9b,c,d 0.006*
,b 3.0G1.1a,b 4.3G2.3b,c,d !0.001*
a,b,d 466.6G51.3a,c 442.8G63.9b,c,d 0.015*
5a,b 1230.3G231.8a,b 1180.4G284.9b,c,d 0.018*

2.1G0.3b 2.1G0.3b 0.005*
2.8G0.7b 2.7G0.9b 0.003*

ss index; total SH, total thiol; Log (PON1), logarithmic paraoxonase 1;
05 statistically significant (ANOVA test).
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Table 4 Predictors of oxidative stress levels. The risk factors that are related to the linear regression model during correlation

analysis were included.

Variables bGS.E.M

% 95 CI

PLower Upper

TAS
Hypothyroidism K2.100G0.490 K3.070 K1.120 !0.001*
TSH K0.300G0.100 K0.500 K0.100 0.006*
Age 0.700G0.200 0.300 1.200 0.001*

R2Z0.408, P!0.001
TOS
Hypothyroidism 2.100G0.741 0.617 3.582 0.006*

R2 Z0.344, PZ0.006
OSI
Hypothyroidism 1.628G0.442 0.744 2.512 !0.001*

R2Z0.305, PZ0.012
Total SH
Anti-TG K0.550G0.170 K0.900 K0.190 0.026*
Age K1.598G0.481 K2.561 K0.635 0.002*

R2Z0.294, PZ0.002
Arylesterase
Hypothyroidism 1.822G0.605 K3.034 K0.618 0.004*

R2Z0.231, PZ0.004
Log(PON1)
Hypothyroidism K1.630G0.600 K2.830 K0.420 0.009*

R2Z0.298, PZ0.002
PON1/HDL
Hypothyroidism K1.430G0.528 K2.486 K0.375 0.009*

R2Z0.209, PZ0.009

*P!0.05 is considered significant for statistical analyses. b, regression coefficient; TAS, total antioxidant status, TSH, thyroid stimulating hormone; TOS, total
oxidant status; OSI, oxidative stress index; total SH, total thiol; anti Tg, anti thyroglobulin; Log (PON1), logarithmic paraoxonase 1; PON1, paraoxonase 1.
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is more dominant, was found to be an independent

predictor affecting the levels of oxidative stress parameters

(TAS, TOS, OSI, log(PON1), arylesterase and PON1/HDL).

To the best of our knowledge, this study is the first to

investigate the relationship between different stages of HT

and a whole set of oxidative stress parameters (TAS, TOS,

OSI, log(PON1), arylesterase, total SH and PON1/HDL).

Oxidative stress occurs as a result of overproduction of

free oxygen radicals and deficiency of antioxidant defense

systems (18). The ROS are primarily responsible for tissue

damage due to oxidative stress. There are many internal

and external sources of ROS. However, it is thought that

the major sources are the respiratory redox chain of

mitochondria and free radicals inside cells (19).

There are a number of studies in the literature

examining the relation between oxidative stress and HT

(6, 13, 14). Baser et al. (20) reported lower TAS and higher

TOS levels in euthyroid HT patients compared to healthy

controls. In the study by Wang et al. (21) performed to

determine the level of oxidative stress in patients with

thyroid cancer, Graves’ disease, HT and a control group,

the TAS level was found to be lower, while TOS and OSI

were found to be higher in the hypothyroid group than in
www.eje-online.org
the healthy control group. Supporting the results of the

aforementioned studies, our results also showed higher

TOS and OSI levels in the HT group than the healthy

controls. The TAS level, on the other hand, was lower in

overt hypothyroidism when compared to other groups.

This condition may be related to an increased oxidative

stress level due to inflammation, which plays a role in the

pathogenesis of HT. The role of inflammation on oxidative

stress can be explained in two ways. First, inflammation

directly increases the level of hydrogen peroxide in

thyroid epithelial cells, and second, it activates NOX

enzyme in T and B lymphocytes, which increases ROS

production (22, 23). In fact, the Th1 cytokines (predomi-

nant in HT) are known to decrease DUOX and thus H2O2

production but to increase NOX2 (without affecting

NOX4) (24). Another reason for the determination of a

low TAS level in the hypothyroidism group compared to

other groups may be a decreased thyroid hormone level,

because thyroid hormones are known to affect synthesis

and bioactivity of antioxidant enzymes (25, 26). In a study

conducted by Reddy etal., (27) the antioxidant defense

in subclinical and overt hypothyroidism was examined

and the decrease of antioxidant defense in overt
Downloaded from Bioscientifica.com at 03/06/2022 09:34:59AM
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hypothyroidism was thought to be a result from both the

decrease in antioxidant enzyme synthesis and the low

antioxidant enzyme activity. In this case, by externally

providing antioxidant molecules, the possibility of pre-

venting the development progression of overt hypothyr-

oidism in HT should be considered and prospective studies

should be planned in this direction. Likewise, positive

effects of antioxidant treatment in Graves’ patients on

Graves’ progression and complications have been shown

before (28).

In this study we have found higher oxidant status

parameters and lower antioxidant parameters in patients

with hypothyroidism, in whom thyroid autoantibodies

were also significantly higher, than the other groups, as

well as negative correlations between thyroid autoanti-

bodies and TAS. Concordant with our data, Nanda et al.

had reported higher oxidative stress levels in the anti-TPO-

positive hypothyroid patients compared to the anti-TPO-

negative hypothyroid patient. These may be due to an

increased oxidative stress level in autoimmunity-related

inflammation and an increased oxidative stress level

during inflammation.

In the study by Baskol et al. (29) performed in HT

patients with hypothyroidism, the PON level was found to

be lower in patients with hypothyroidism than in the

healthy control group. Similarly, Cebeci et al. (30) revealed

in their study that PON and arylesterase levels were lower

in patients with subclinical hypothyroidism when

compared to the healthy control group.

Similar to the above studies, we have also found lower

arylesterase and log(PON1) levels in patients with sub-

clinical and overt hypothyroidism than in the healthy

controls. Besides, arylesterase was lower in patients with

overt hypothyroidism when compared to patients with

subclinical hypothyroidism. Low levels of arylesterase and

log(PON1) may be related to either increased lipid

peroxidation because it has been shown that oxidized

lipids inhibit the activity of PON or increased ROS levels in

hypothyroidism that may inactivate PON and thus lower

its concentration (31).

In our study, total SH was found to be significantly

lower in the overt hypothyroid group when compared to

the healthy control group. Low total SH may be due to

excessive production of ROS during inflammation and

consumption of non-enzymatic antioxidants of the body

including glutathione (GSH). In other words, free radicals

that are increased in the body during various pathologic

conditions cause oxidation of SH groups of sulphur-

containing amino acids of proteins leading to reduced

total body – SH levels (32, 33). We did not find any study
in the literature evaluating the relationship between total

SH and HT. Rostami et al. (15) had reported lower GSH

levels, which constitutes the major intracellular SH, in HT

than in the healthy controls, and Pasupathi et al. (34) had

found lower GSH levels in patients with hypothyroidism

than in the healthy control group.

In our study we have also found a lower PON1/HDL

ratio in the HT group than in the healthy controls. We

could not find any study in the literature evaluating the

relationship between thyroid diseases and PON1/HDL,

another parameter reflecting antioxidant status. Yıldız et al.

(35) carried out a study on patients with newly diagnosed

hypertension and demonstrated that the PON/HDL ratio

was lower in non-dipper hypertensive patients when

compared to dipper hypertensive patients (35).

In our study, we have found a negative correlation

between anti-TPO and TAS, log(PON1) and PON1/HDL

and a negative correlation between anti-TG and total SH.

Thyroid autoantibodies being correlated negatively with

antioxidant molecules may suggest that HT may be related

to oxidative stress. When studies investigating the

relationship between oxidative stress parameters and

thyroid autoantibodies were evaluated, a negative corre-

lation was present between the TAS level and anti-TG and

anti-TPO, while a positive correlation was present between

TOS and anti-TG in the study by Baser et al. (20). Nanda

et al. found a positive correlation of the oxidant molecules

malondialdehyde and protein carbonyl with anti-TPO

(36). In the study by Rostami et al., (15) GSH was

negatively correlated with anti-TPO.

The fact that hypothyroidism was found as a risk

factor affecting the levels of oxidative stress parameters by

linear regression analysis proves that oxidative stress is

related to both thyroid hormone deficiency as well as

inflammation and autoimmunity. The major limitations

of this study include the lack of an inflammatory marker

directly showing the relationship between oxidative

stress and inflammation and the cross-sectional nature of

the study.

In conclusion, our data show that oxidant status is

increased and antioxidant status is decreased in HT. In

addition, among different stages of HT, oxidant status was

highest and antioxidant status was lowest in the overt

hypothyroid group. To determine whether this is a cause

or result, randomized, controlled trials that study the

effect of antioxidant treatment on the development of

overt hypothyroidism and its consequences, e.g., increase

in total cholesterol levels, may be performed in euthyroid

and/or subclinical hypothyroid patients with HT.
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