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ABSTRACT
Objective: To determine the effects of subclinical hypothyroidism on oxidative stress in children.
Study Design: A cross-sectional study.
Place and Duration of Study: Department of Paediatrics, Paediatric Endocrinology, and General Outpatient Clinics, Kirikkale
University, School of Medicine, from May 2017 to October 2018.
Methodology: This study included 92 subjects aged between 2 and 18 years. The subjects were divided into two groups. Forty-seven
children with subclinical hypothyroidism and 45 healthy controls were evaluated. In order to evaluate oxidative damage, native
thiol,  total  thiol,  disulfides,  their  ratios,  and ischemia-modified albumin (IMA) levels  were compared between the two groups.
The relationship between TSH and IMA levels was assessed.
Results: Age and gender were not significantly different in the two groups. Native thiol, total thiol, disulfides and their ratios
were similar in the two groups. Ischemia-modified albumin levels were significantly higher in the patient group than the controls
(p<0.001). There was no correlation between TSH and IMA levels in the patient group (r=0.069 p=0.645).
Conclusion: Subclinical hypothyroidism may be related to the impairment of IMA, and have a neutral effect on thiol/disulfide
balance. Further research is needed to explain the effects of oxidative stress in subclinical hypothyroidism.
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INTRODUCTION
Subclinical hypothyroidism (SHT) is a condition with no specific
symptoms, which is characterised by an elevated thyroid-stimu-
lating hormone (TSH) level along with normal free triiodothyro-
nine (fT3) and free thyroxine (fT4) levels. Whereas, the preva-
lence of SHT is approximately 4-20% in adults, it is less than 10% in
children.1 Subclinical hypothyroidism is considered a risk factor for
overt  hypothyroidism,  atherosclerosis,  and  cardiovascular
diseases. Thyroid hormones also have a pivotal role in neurolog-
ical  maturation,  cardiovascular  functions,  and  linear  growth.
Subclinical hypothyroidism may affect these conditions and have
relevant clinical complications.2,3

Hypothyroidism  can  cause  oxidative  stress  by  impairing  the
balance between oxidant and antioxidant capacities.
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Thiols  are  buffers  and  act  as  antioxidants.  Thiols  include
sulfhydryl groups that can reduce oxidant agents. This antioxi-
dant  mechanism  protects  the  organism  from  the  harmful
effects of oxidative damage.4

Thiols are converted to disulfides during the reaction and may
be  converted  into  thiol  groups  again.  These  reactions  are
termed as the dynamic thiol/disulfide  homeostasis.  Thiol/di-
sulfide balance is an indicator of oxidative stress. Ischemia-mod-
ified albumin (IMA) is a novel biomarker reflecting oxidative
damage and ischemia. Ischemia-modified albumin is related to
cardiac ischemia as well as non-cardiac pathologies such as
renal diseases, peripheral artery disease, and hepatic disease.5-7

This  study  aimed  to  determine  the  effects  of  subclinical
hypothyroidism on thiol/disulfide balance and IMA levels.

METHODOLOGY
This study included 92 patients aged between 2 and 18 years,
who were admitted to the Department of  Paediatric Endocri-
nology, Kırıkkale University School of Medicine, Turkey for TSH
elevation  during  examinations  and  routine  controls.  Patients
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with any systemic and/or infectious disease, other endocrino-
pathies, inflammatory conditions and/or medication use were
excluded. A detailed physical examination and anthropometric
measurements were performed in all children. The chronological
age and body mass index (BMI) were recorded. The reference
BMI curves for Turkish children were utilized.8 BMI was calcu-
lated with the formula: weight (kg)/height x height (metres).

SHT was diagnosed on the basis of normal fT4 and fT3 levels
along with increased TSH level (mild: 4.5-10 severe >10mIU/L).9

This cross-sectional designed study included 92 children aged
between 2 and 18 years. Forty-seven patients with SHT and 45
healthy  subjects  (the  control  group)  were  evaluated.  The
control group was matched with the study group for age and
gender,  and  the  laboratory  parameters  (biochemical  and
hormone assays) were within normal limits in the control group.
Total thiol, native thiol, disulfide, disulfide/total thiol, disulfide/-
native thiol, native thiol/total thiol levels, and ischemia-mod-
ified albumin levels were compared between the two groups.
The parents of the patients gave informed consent for study
participation.

Specimens were collected in the early morning, for the measure-
ment of  thiol/disulfide homeostasis  parameters.  All  samples
were centrifuged for 10 min at 1500 rpm to pick out the serum.
Serum dynamic thiol/disulfide homeostasis and ischemia-mod-
ified albumin levels were studied with the spectrophotometric
method,10 an automated clinical chemistry analyser.

Ischemia-modified albumin measurement was performed by a
colorimetric assay method that was described by Bar-Or et al.11

This  method  is  based  on  albumin  binding  to  exogenous
cobalt. Ischemia-modified albumin results were expressed in
absorbance units (ABSUs). The thiol/disulfide parameters and
IMA were analysed at Faculty of Medicine, Biochemistry Labora-
tory, Yildirim Beyazit University.

All data were analysed using IBM SPSS version 25. Shapiro-Wilk
test was used to test the normality of data distribution. Quantita-
tive variables with normal distribution were expressed as mean
± standard deviation and those with non-normal distribution as
median (IQR 1st quartile: Q1- 3rd quartile: Q3). Independent
samples t-test or Mann-Whitney U-test was used to compare
two  means  of  quantitative  data.  Categorical  variables  were
expressed as frequency and percentage. Chi-square test was
used for categorical variables. Pearson’s correlation analysis
was  used  to  analyse  correlations.  The  p-values  <0.05  were
considered statistically significant.

This  study was approved by the Institutional  Review Board.
(Date:16.05.2017 Number: 12/23)

RESULTS

The mean age of participants was 11.52±3.99 years. The study
population consisted of 47 girls (51.1%) and 45 boys (48.9%).
General characteristics and laboratory values of the patient and
control groups were shown in Table I.

There was no statistically significant difference between the two
groups with respect to the levels of total thiol level, native thiol
level, disulfide level, and their ratios including disulfide/total thiol,
disulfide/native thiol, native thiol/total thiol ratios. Ischemia-mod-
ified albumin levels were higher in the SHT group than the control
group (Table II). There was no correlation between TSH and IMA
levels in the SHT group (r=0.069, p=0.645).

Table  I:  Mean  age  and  thyroid  function  in  children  with  subclinical
hypothyroidism and in the control group.

 Patient group
n=47

Control group
n=45 p

Age 12 (8.75-15.13) 11.75
(8.5-15.50) 0.72

Gender:
Girls
Boys

 
25 (53.2%)
22 (46.8%)

 
22 (48.9%)
23 (51.1%)

 
0.68

TSH 5.93
(5.30-6.70)

2.30
(1.90-2.73) <0.001

Table  II:  The  comparison  of  the  parameters  of  oxidative  stress  in
subclinical  hypothyroidism  cases  and  control  groups.

 Patient group
n=47

Control group
n=45 p

Albumin, g/dl 4.31 (3.90 – 4.63 4.38 (3.95 – 4.63) 0.708

Total thiol, µmol/L 342.71 ±77.78 326.45 ±75.09 0.311

Native thiol, µmol/L 293.83 ±66.25 277.14 ±71.12 0.247

Disulfide, µmol/L 23.40 (20.93 –
28.50)

23.20 (20.90 –
27.40) 0.848

Disulfide/total thiol 7.81 (6.74 – 9.40) 8.65 (7.17 –
10.41) 0.139

Disulfide/native thiol 7.07 ±1.53 7.78 ±2.24 0.079

Native thiol/total thiol 85.87 ±3.06 84.45 ±4.48 0.079

Ischemia-modified albumin, ABSU 1.03 ±0.19 0.67±0.16 <0.001

DISCUSSION
Oxidative  stress  has  a  key  role  in  various  cardiovascular  and
chronic diseases, and many prospective studies have shown such
association.12 The present study showed that patients with SHT
and healthy subjects had similar dynamic thiol/disulfide parame-
ters.  But  the  patients  had  higher  IMA levels  than  the  healthy
controls.  IMA  may  reflect  atherogenesis  and  vascular  system
injury via oxidative stress.13 It is a good biochemical marker for
early  ischemia such that  its  level  increases in  acute coronary
syndromes,14 acute heart failure,15 liver cirrhosis,16 diabetes mell-
itus,17  malignancies,18  among  other  disorders.  Doğan  et  al.
showed that patients with SHT had higher levels of atherogenic
lipids  than  healthy  controls;  there  was  also  a  significant  rela-
tionship between TSH levels and the levels of atherogenic lipids.19

They emphasised that SHT may create a potential risk for athero-
genesis.

Reddy et al. found a higher IMA level in patients with overt and
subclinical hypothyroidism than euthyroid controls, and also a
significant  correlation  between  TSH  and  IMA  levels  in  overt
hypothyroidism.20 However, there was no similar association in
SHT patients. They speculated that hypothyroidism may increase
oxidative damage to lipids and proteins. Their findings support
this data.
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Erem  et  al.  showed  that  levothyroxine  treatment  might
mitigate lipid peroxidation, oxidative damage, and atherogen-
esis.21  They  studied  overt  and  subclinical  hypothyroidism
patients. Malondialdehyde (MDA) and IMA levels were evalu-
ated before and after hormone replacement therapy. Malon-
dialdehyde level was reduced by treatment, but the IMA level
remained unchanged. They suggested that MDA, but not IMA,
can be considered as a reliable marker of oxidative damage.

Another  study  found  different  results  than  ours  and  other
mentioned studies. They compared IMA and albumin-adjusted
IMA in hyperthyroid, euthyroid and hypothyroid groups. IMA
levels were significantly lower in the hypothyroid subjects than
the other groups. They attributed this finding to studying with
albumin-adjusted IMA, hypoalbuminemia, and hypometabolic
state  of  hypothyroidism.22  All  mentioned  studies  were
designed in the adult populations; whereas, the population of
this study was composed of children.

Uçaktürk et al. studied SHT and dynamic thiol/disulfide balance
but  not  IMA  in  children.23  Their  data  support  the  present
findings in that they found no significant difference between
children with non-autoimmune SHT and the healthy group with
respect to dynamic thiol/disulfide balance. The investigators
addressed  the  need  for  future  studies  to  assess  oxidative
damage in patients with non-autoimmune SHT in childhood.

Another study on thiol/disulfide metabolism and subclinical
hypothyroidism  in  adults  showed  that  subclinical  hypothy-
roidism caused disulfide formation. That study also found a
correlation between antibody levels and thiol oxidation. The
authors of that study stated that the mechanism was not clear.
Although their  data  contradict  with  our  findings,  one  must
consider  that  that  study  was  conducted  with  adults.24

Cheserek  et  al.  studied  total  antioxidant  capacity  in  SHT.25

Total antioxidant capacity was found similar in SHT and euthy-
roid controls. The two above-mentioned studies support the
present data.

This study has several limitations. The sample size is small, and
the levels of thyroid antibodies were unknown. Moreover, the
study population was heterogeneous. Furthermore, the study
design was cross-sectional and follow-up of thyroid hormone
levels was lacking. The status of thyroid antibody levels was
not completely available. However, the present study may be
the first to evaluate IMA in children with SHT. This issue may be
important for childhood thyroid diseases.

CONCLUSION

This  study  showed  that  subclinical  hypothyroidism  did  not
affect dynamic thiol/disulfide balance. However, the level of
ischemia-modified  albumin,  a  novel  ischemic  marker,  was
higher than healthy controls. Subclinical hypothyroidism may
be related to the impairment of IMA, and have a neutral effect on
thiol/disulfide balance.  Further  investigations are  needed to
clarify the mechanism of the relationship between oxidative
damage, ischemia, and subclinical hypothyroidism.
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