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Abstract: Relevance. Dislipidemia is one of the major manifestation of thyroid disease process due to alteration of 
metabolic parameters which are also seen in metabolic syndrome. Though oxidative stress has been implicated in both processes, 
controversial results have been obtained. Objective. To determine the status of lipid peroxidation product (Lpx) in the study group 
and identify the association of different components of metabolic syndrome. Material and Methods: 102 patients comprising of 
60 healthy euthyroid controls and 42 hypothyroid patients served as the study group. Blood samples were collected for fasting 
blood sugar, renal parameters, lipid profile, tri-iodothyronin (T3), thyroxine (T4) and thyroid stimulating hormone (TSH). Level 
of lipid peroxidation in the samples was determined by monitoring the level of thiobarbituric acid like substances (TBARS) like 
substances. Results. The demographic parameters were significantly altered in hypothyroid patients. Systolic and diastolic blood 
pressure amongst both the groups was observed to have higher mean value in hypothyroid patients. The fasting blood sugar 
(FBS), total cholesterol, triacylglycerol, low density lipoprotein (LDL) and high density lipoprotein (HDL) in the hypothyroid 
was significantly higher than euthyroid control groups. The most frequent alteration in the hypothyroid patients was rise in 
SBP (95 %), Hypertriglyceridemia (50 %) and raised waist circumference (48 %) and DBP (42 %). A fourfold rise in Lpx was 
observed in hypothyroid subjects (p<0.001). Robust positive association was observed between TSH and Lpx. Multiple linear 
regressions revealed strongest and statistically significant association between serum serum thyroid stimulating hormone and 
waist circumference. Conclusion. The hypothyroid patients have significant higher degree of oxidative stress and the components 
of metabolic syndrome. They are the candidates for preventive health intervention.
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Корреляция окислительного стресса с маркерами 
метаболического синдрома в клинических случаях гипотиреоза: 

исследование на базе больницы в отдаленном племенном 
районе
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Аннотация. Актуальность. Дислипидемия является одним из основных проявлений процесса заболевания щито-
видной железы из-за изменения метаболических параметров, которые также наблюдаются при метаболическом синдроме. 
Хотя в оба процесса вовлечен окислительный стресс, результаты различных исследований достаточно противоречивые. 
Цель: определить статус продукта перекисного окисления липидов (Lpx) в исследуемой группе и выявить взаимосвязь 
различных компонентов метаболического синдрома. Материалы и методы. Группу исследования составили 102 пациента, 
из них 60 здоровых пациентов с эутиреоидным контролем и 42 пациента с гипотиреозом. Образцы крови были собраны для 
определения уровня сахара в крови натощак, параметров почек, липидного профиля, трийодтиронина (Т3), тироксина (Т4) 
и тиреотропного гормона (ТТГ). Уровень перекисного окисления липидов в образцах определяли путем мониторинга 
уровня веществ, подобных тиобарбитуровой кислоте, подобных веществ и дугим. Результаты. Демографические пара-
метры были значительно изменены у пациентов с гипотиреозом. Было обнаружено, что систолическое и диастолическое 
артериальное давление в обеих группах имеет более высокое среднее значение у пациентов с гипотиреозом. Уровень сахара 
в крови натощак, общий холестерин, триацилглицерин, липопротеины низкой плотности и липопротеины высокой плот-
ности в гипотиреозе были значительно выше, чем в контрольных группах с эутиреоидом. Наиболее частым изменением 
у пациентов с гипотиреозом было повышение САД (95 %), гипертриглицеридемия (50 %), увеличение окружности талии 
(48 %) и ДАД (42 %). У пациентов с гипотиреозом наблюдалось четырехкратное увеличение Lpx (p <0,001). Между ТТГ 
и перекисным окислением липидов наблюдалась стойкая положительная связь. Множественные линейные регрессии 
выявили сильнейшую и статистически значимую связь между тиреотропным гормоном сыворотки и окружностью талии. 
Выводы. Пациенты с гипотиреозом имеют значительно более высокую степень окислительного стресса и компонентов 
метаболического синдрома. Они являются кандидатами на профилактическое медицинское вмешательство.
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Introduction
Thyroid hormones are calorigenic hormones 

which control several metabolic processes in the body 
involving the carbohydrate, lipid and proteins. They 
are involved in the growth and formation of central 
nervous system, tissue differentiation, reproduction 
and maintenance of the basal metabolic rate in 
the various target tissues [1]. Thyroid dysfunction 
ranks as a second most important endocrine 
disorder amongst the Indian population. In India, 
42 million people suffer from thyroid dysfunction, 
hypothyroidism being most common. The prevalence 
of hypothyroidism in India is 11 %, compared with 
only 2 % in the UK and 4·6 % in the USA [2].

Hypofunctioning of the thyroid gland occurs 
in 99.5 % of the cases in Primary hypothyroidism 
where 0.5 % of the cases is due to pituitary and 
hypothalamic dysfunction and termed as secondary 
hypothyroidism. The levels of thyroid hormones are 
low and TSH levels are higher than normal in primary 
hypothyroidism. In secondary hypothyroidism, TSH 
level is below normal leading to the deficiency of 
the thyroid hormones. On the other hand, subclinical 
hypothyroidism is an early manifestation of the 
disease process, where serum TSH levels are elevated 
with serum thyroid hormones remaining within the 
reference range.

Dislipidemia is one of the major manifestations 
of hypothyroidism resulting from accumulation 
of Cholesterol, LDL and apolipoprotein B [3].
Many factors are responsible for the significant 
hypercholesterolemia  — mostly due to the 
predominant role of thyroid hormones in upregulating 
the LDL receptors as cited in previous studies [4, 
5]. The hypometabolic state in hypothyroidism has 
been shown to be associated with oxidative stress 
due to imbalance between generation and clearance 
of reactive oxygen species[6]. However, this 
association of oxidative status with the hypothyroid 
state is controversial and various conflicting results 
have been obtained. Some studies state that there is 
metabolic depression in hypothyroidism which results 
in decreased oxidant production where as others have 

opined that lipid peroxidation is high in hypothyroid 
patients due to underlying dyslipidemia [7, 8].

Thyroid dysfunction results in alteration of 
metabolic parameters such as lipids, glucose and 
blood pressure which are also seen in metabolic 
syndrome [9].The major components of metabolic 
syndrome include hyperglycemia, dyslipidemia, 
hypertension — result in cardiovascular complications 
which is one of most common causes of death 
worldwide. Oxidative stress has also been implicated 
in metabolic syndrome but various controversial 
results have been obtained justifying the cause effect 
relationship. Coexistence of metabolic syndrome with 
hypothyroidism may aggravate the cardiovascular and 
metabolic risk factors [10]. The present study was 
designed and carried out to explore the relationship 
between oxidative stress marker like serum Lpx 
and clinical and biochemical markers of metabolic 
syndrome in clinically diagnosed hypothyroid cases.

Materials and methods
Study design

This study was conceptualized as a prospective 
hospital-based study with cross sectional design. The 
prospective study subjects were the adult patients of 
both sexes who presented to the Internal medicine 
OPD of the medical college and were clinically 
diagnosed to be cases of hypothyroidism. Of these 
clinically diagnosed cases of hypothyroidism those 
patients who self-reported to the Central laboratory 
of Tertiary Care Hospital, Baripada, India for the 
various investigations in a fasting state were the 
intended study subjects. The study subjects were then 
selected on the principle of consenting, convenient 
and consecutive sampling. It is desirable to note here 
that the work was done in a remote tribal district 
called Mayurbhanj, located in the northern part 
of the state of Odisha, in India. The district is an 
underdeveloped and backward tribal district with a 
predominantly tribal population (58.7 % as per 2011 
census). Likewise this study was conducted with 
the limited resources available in the biochemistry 
department of a newly established medical college 
(started in 2017) which was established in this remote 
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area with the joint efforts of the central and state 
governments. All research participants submitted 
for data processing.

Inclusion and exclusion criteria
The present analysis was restricted to the study 

subjects who could be enrolled between August 
2019 and January 2020.The enrolment could not 
proceed beyond the last week of January 2020 as 
there was significant social and administrative turmoil 
related to the outbreak of COVID‑19 resulting in 
the administrative shifting of laboratory, clinical 
staff between different units of the hospital as a 
part of preparedness for the impending outbreak. 
The cue for enrolment in this study was a clinical 
diagnosis of hypothyroidism by a physician in 
the Medicine OPD and those who self-reported 
to the central lab for diagnostic tests but were 
not yet on any medication for hypothyroid state. 
In addition all subjects who self-reported a history 
of the following medical conditions and/ or were 
receiving medications for the same were excluded 
from the study viz.

a)	 Any pre-existing form of thyroid dysfunction 
(other than hypothyroid);

b)	 Diabetes Mellitus (type 1 or 2 or GDM);
c)	 Essential hypertension;
d)	 Pregnant and lactating mothers;
e)	 Malignancy;
f)	 H/o recent surgery (minor or major) within 

the last 8 weeks (prior to date of enrollment);
g)	 Chronic neurological, cardiovascular, 

respiratory, renal or hepatic disorders and any such 
acute illness in the last 8 weeks;

h)	 Psychiatric illness or medication for there 
on (acute or chronic);

i)	 Smokers, alcoholics and persons with h/o 
substance abuse;

j)	 Any chronic debilitating condition where 
the ADL (activities of daily living) of the person 
was severely restricted.

The exclusion criteria were needed to be stringent 
(if not exhaustive) because oxidative stress markers are 
known to be very sensitive. Therefore the exploration 

of their relationship with a specific clinical condition 
like hypothyroidism necessitated the exclusion of all 
other possible conditions which could easily be a cause 
of bias while interpreting the results.

All the willing and eligible study subjects 
were explained the purpose and design of the study 
and consent was sought from each of them before 
enrolment in the study. A total of 102 patients, 
aged between 21 and 70 years of both sexes were 
included in the study after applying the inclusion 
and exclusion criteria of the study. Ethical aspects 
of the study design and protocol had been submitted 
for approval to the institutional authorities and the 
ethical committee of the medical college prior to 
onset of the study.

Laboratory protocol
Blood samples (venous blood) were collected 

by standard venepuncture methods in the laboratory 
by the laboratory technicians who had already 
been sensitized and briefed about the study. All 
the enrolled study subjects had self-reported to the 
central lab after overnight fasting as they had already 
been briefed for the same by the treating physician 
in the OPD. All the socio-demographic, clinical and 
anthropometric parameters of the study subjects were 
also assessed from in the lab itself on their first visit 
(after collection of their blood samples) by tutors of 
the department of biochemistry who were on duty 
in the central lab.

Biochemical parameters like fasting plasma 
sugar — FPG, glycosylated hemoglobin — Hba1c, 
serum urea, serum creatinine, serum lipid profile 
(Total cholesterol — TC, Triacylglycerol — TG, 
Low density lipoprotein — LDL and High density 
lipoprotein — HDL) were assessed in XL 360 
automated analyzer and serum T3, T4 and thyroid 
stimulating hormone — TSH were assayed in the 
Access II Beckmann Coulter immunoassay system 
using the manufacturer recommended and designated 
kits in the central lab of the medical college.

The serum lipid peroxidation product-Lpx was 
used as an oxidative stress marker in this study 
was determined using the method recommended 
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by Okhawa et al (1979). This involves monitoring 
the level of thiobarbituric acid like substances 
(TBARS) where the final product has an absorption 
maximum at 532 nm. To prevent auto-oxidation of 
the samples butylated hydroxyl toluene was used 
in the assay mixture. The instruments required for 
the assessment of this parameter were (especially 
cold nano-centrifuge) malfunctioned one month 
into the study hence the lead author who is also 
a Phd scholar and had access to the lab of the 
biotechnology department at Utkal university got 
the samples processed for serum Lpx in batches at 
that lab taking all due precautions for transport and 
handling of the samples.

The blood pressure (systolic blood pressure — 
SBP and diastolic blood pressure — DBP) of the 
study subjects was measured using the digital model 
of OMRON make using an arm cuff in millimeters of 
mercury (mmHg). The anthropometric measurements 
were made using standard anthropometric equipment: 
Digital weighing scale of CAS make for recording 
weight (Wt) in kilograms (kg), Stadiometer of Falcon 
make for recording height (Ht) in centimeters (cm) 
and SECA 201 for measuring waist circumference 
(WC) in centimeters (cm). The standard protocol for 
clinical anthropometry prescribed by the World Health 
Organisation (WHO) was followed while making the 
anthropometric assessments of the study subjects.

Metabolic syndrome
The exact definition of metabolic syndrome has 

been a source of controversy for researchers with 
multiple professional bodies (like ATP III panel, 
WHO, International Diabetic Federation, etc) 
having varying criteria for identifying the cases of 
metabolic syndrome. At last, in 2009 the various 
professional bodies had reached a consensus to define 
a case of metabolic syndrome based on a common 
set of parameters and cut off values. Thus a person 
was said to have metabolic syndrome if he/ she 
fulfilled any three of the six criteria i. e. elevated 
waist circumference (population and country specific 
definitions — for India > 80 cm for females and > 
90 cm for males) or elevated triglycerides (> 150 

mg / dL) or reduced HDL cholesterol (<40 mg/ dL 
for males and < 50 mg/ dL for females) or elevated 
systolic blood pressure (> 130 mmHg) or elevated 
diastolic blood pressure (>85 mmHg) or elevated 
fasting glucose (>100 mg/ dL) [11, 12]. The present 
study used the above said consensus statement as 
guiding values to evaluate patients for presence of 
markers of metabolic syndrome.

Statistical analysis
Quantitative data were expressed as mean and 

standard deviation. Categorical data were expressed 
as counts. Chi-square test was used to compare the 
categorical variables and the Student’t’ test was 
used to compare continuous variables. The linear 
relationship between the quantitative variables was 
evaluated by computing the Pearson’s correlation 
coefficients. The independent relationship between 
Lpx and other study parameters was analyzed by 
multiple linear regression. All the statistical analysis 
was done using SPSS version 20. (SPSS Inc., 
Chicago, Ill., USA). Probability less than 0.05 was 
considered as statistically significant for this study.

Results and discussion
The study was conducted with a total of 102 

individuals consisting of 34 males and 68 females, 
meeting the inclusion and exclusion criteria. The 
distribution of males and females in the two study 
groups was similar (p=0.286). The age, ethnicity 
and residential characteristics of the study subjects 
distributed into the two groups: euthyroid (n=60) and 
hypothyroid (n=42) showed no statistically significant 
differences. However the markers of metabolic 
syndrome were all significantly different in both 
the group. The mean levels of waist circumference 
(WC), systolic blood pressure (SBP), diastolic 
blood pressure (DBP), triglyceride (tag), low 
density lipoprotein (LDL), high density lipoprotein 
(HDL), fasting plasma glucose (FPG), glycosylated 
hemoglobin (Hba1c), thyroid stimulating hormone 
(TSH) and the serum lipid peroxidase (Lpx) were all 
higher in the hypothyroid group than the euthyroid 
study subjects (Table 1).
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Table 1
Comparison of socio-demographic and serum markers of the study subjects in the two groups

Таблица 1
Сравнение социально-демографических параметров и маркеров сыворотки крови в двух группах пациентов

Variables/
Переменные Euthyroid/ Эутиреоид (n=40) Hypothyroid/ 

Гипотиреоз (n=42)
P value/ 

Значение P Test/ Тест

Socio-demographic parameters/ социально-
демографические параметры

Age (in yrs)/ возраст (лет) 40.92 ± 10.79 45.26 ± 11.71 0.60 Student’s ‘t’ test

Sex /пол

Male/Мужской 23 11 0.20 Fisher’s exact test

Female /Женский 37 31

Ethnicity/
Этническая принадлежность

Tribal / Племенной 31 30 0.06 Fisher’s exact test

Non-tribal/
Не племенной 29 12

Location/ Место расположения

Rural/ Сельский 41 33 0.27 Fisher’s exact test

Urban/ Городской 19 9

Metabolic syndrome components/ 
Компоненты метаболического синдрома

WC (in cm)/ ОТ (в см) 63.13 ± 8.97 79.23 ± 15.06 0.00 Student’s ‘t’ test

SBP (mmHg)/ САД (мм рт. ст.) 134.53 ± 10.79 145.14 ± 10.52 0.00 Student’s ‘t’ test

DBP (mmHg)/ ДАД (мм рт. ст.) 77.22 ± 6.86 85.93 ± 8.31 0.00 Student’s ‘t’ test

TAG (mg/dl)/ ТАГ (мг/дл) 124.20 ± 51.35 140.33 ± 82.60 0.26 Student’s ‘t’ test

LDL (mg/dl)/ ЛПНП (мг/дл) 89.98 ± 27.74 98.04 ± 33.56 0.18 Student’s ‘t’ test

HDL (mg/dl)/ ЛПВП (мг/дл) 46.93 ± 9.43 53.42 ± 10.90 0.00 Student’s ‘t’ test

FPG (mg/dl)/ FPG (мг/дл) 96.50 ± 22.98 106.57 ± 21.19 0.02 Student’s ‘t’ test

HbA1c (%) 5.40 ± 0.31 5.48 ± 0.37 0.22 Student’s ‘t’ test

Thyroid markers/ 
Маркеры щитовидной железы

T3(ng/ml)/ Т3 (нг/мл) 1.28 ± 0.49 1.42 ± 0.77 0.28 Student’s ‘t’ test

T4 (µg/dl)/
Т4 (мкг/дл) 10.50 ± 2.77 9.44 ± 2.88 0.06 Student’s ‘t’ test

TSH (µIU/ml)/ ТТГ (мкМЕ/мл) 2.74 ± 0.88 12.64 ± 10.59 0.00 Student’s ‘t’ test

LPx (moles/mg)/ LPx (моль /мг) 2.88 ± 1.10 12.10 ± 6.64 0.00 Student’s ‘t’ test

Note: WC — Waist circumference, SBP — Systolic blood pressure, DBP — Diastolic blood pressure, TAG -Triglyceride, LDL — Low 
density lipoprotein, FPG -Fasting plasma glucose, HDL — High density lipoprotein, HbA1c — Glycosylated hemoglobin, T3- Tri 
iodothyronine, T4 — Thyroxine, TSH — thyroid stimulating hormone, Lpx — Hormone Lipid peroxidation product.

Примечание: ОТ — окружность талии, САД — систолическое артериальное давление, ДАД — диастолическое 
артериальное давление, ТАГ‑триглицерид, ЛПНП — липопротеины низкой плотности, FPG — уровень глюкозы плазмы 
крови натощак, ЛПВП — липопротеины высокой плотности, HbA1c — гликозилированный гемоглобин, Т3- трийодтиронин, 
T4 — тироксин, ТТГ — тиреотропный гормон, Lpx — продукт перекисного окисления липидов гормона.
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The linear association between the various 
quantitative study parameters was assessed by 
computing the Pearsons’s correlation coefficient ‘r’.  
The ‘r’ values between the serum oxidative stress 
marker — Lpx and the other study parameters are 
shown in Table 2. The parameters — thyroid stimulating 
hormone (TSH) and waist circumference (WC) showed 
robust (r>0.5) and statistically significant correlation 
whereas systolic blood pressure (SBP), diastolic blood 
pressure (DBP), high density lipoprotein (HDL) and 
thyroid hormone (T4) showed modest (r<0.5) but 
statistically significant correlation.

In order to ascertain the independent relationships 
between Lpx and the important markers of metabolic 
syndrome assessed in this study, statistical modeling 
was done using multiple linear regression. Thus Lpx 
was regressed on thyroid stimulating hormone (TSH), 
waist circumference (WC). The other study parameters 
were not included in the regression model because either 
they failed to show a robust and statistically significant 
linear correlation with Lpx or successive iterations of the 
regression model in a step wise manner failed to show 
any valid increase in the adjusted r-square of the model. 
Thus the final model included lpx regressed on TSH 
and WC. The model was statistically significant. The 
standardized beta coefficients were used to compare the 
model parameters since the natural units of measurement 
were different for each parameter. After adjusting for the 
confounders, the result of multiple linear regression of 
the final model is depicted in Table 3. The results thus 
affirm the relationship between the serum oxidative 
stress marker — Lpx and serum thyroid stimulating 
hormone (TSH) and waist circumference (WC).

The present study comprised of 102 subjects 
attending the medicine OPD, suspected of having 
thyroid dysfunction. Such patients were screened based 
on the TSH level into hypothyroid patients and euthyroid 
healthy control. There were 60 healthy controls and 
42 hypothyroid patients.

Dyslipidemia and atherosclerosis are most common 
manifestations of the hypothyroid state. In this study 
also, the hypothyroid patients had dyslipidemia which 
is in line with the work conducted by other authors 
[13—15]. Thyroid hormone facilitates expression 
of LDL receptor, thus the hypothyroid state causing 
downregulation of LDL receptors which impairs the 
clearance of cholesterol from the peripheral tissues [16, 

17].Raised TG level was also seen in the hypothyroid 
subjects may be due to the decreased activity of the 
lipoprotein lipase present in the endothelial lining.

Oxidized low density lipoproteins act as risk factor 
for atherosclerosis. A study conducted by Diekman et 
al [18] showed that LDL from hypothyroid patients is 
more vulnerable for oxidation, indicating Oxidative 
stress. Olinescu et al [19] showed an increase in lipid 
peroxidation product (Lpx) level in obese hypothyroid 
women. Oxidative stress has been attributed for 
the development and progression of various patho-
physiological conditions such as endothelial dysfunction, 
hypertension and atherosclerotic cardiovascular 
disease [20].The present study reveals fourfold increase 
in the oxidative stress parameter Lpx in the hypothyroid 
points which is significant statistically. The increased 
generation of reactive oxygen species in the hypothyroid 
patients is probably attributed to the significant 
dyslipidemia observed amongst the cases. Similar results 
were also documented in studies conducted by other 
authors [21—23]. Oxidative stress in the hypothyroid 
patients is due to the hypo metabolic state seen due to 
imbalance between the generation and clearance of ROS.

Most patients with hypothyroidism are prone for 
cardiovascular disease owing to significant dyslipidemia 
seen in such cases. Subjects with hypothyroidism 
are also associated with one or more components of 
metabolic syndrome. The traits of metabolic syndrome 
are well documented cardiovascular risk factors that 
co-occur in an individual with hypothyroidism [24, 25].

Though insulin resistance plays a key role in 
metabolic syndrome, several studies have concluded 
that increased oxidative stress and chronic low level 
inflammation may have important roles in metabolic 
syndrome related manifestations [26—28]. Existing 
studies reveal that oxidative stress could be an early event 
in the pathology of these chronic diseases rather than 
merely a consequence [29].In our study, we have found 
the association of the hypothyroid state with the different 
components of metabolic syndrome such as raised waist 
circumference, systolic and diastolic blood pressure 
and hypercholesterolemia. Rest of the components of 
metabolic syndrome was more frequently observed in 
the hypothyroid subgroup than the euthyroid group. The 
most important variation was the rise in Lpx, an indicator 
of oxidative stress in hypothyroid subgroup (Table 2).
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Table 2
Matrix of linear correlation coefficients of various study parameters vs. lipid peroxidase (Lpx)

Таблица 2
Матрица коэффициентов линейной корреляции различных параметров исследования относительно липидпероксидазы (Lpx)

Variables/ 
Пере-

менные

Age
(yrs)/ 

Возраст
(лет)

WC
(cm)/ 

ОТ (см)

SBP
(mmHg)/ 

САД
(мм рт. 

ст.)

DBP
(mmHg)/ 

ДАД
(мм рт. 

ст.)

TAG
(mg/dl)/ 
ТАГ (мг/

дл)

LDL
(mg/dl)/ 
ЛПНП

(мг/дл)

HDL
(mg/dl)/ 
ЛПВП  

(мг/дл)

FPG (mg/
dl)/ FPG 
(мг/дл)

HbA1C
(%)

T3
(ng/ml)/ 
T3 (нг/

мл)

T4
(µg/dl)/ 
T4 (мкг/

дл)

TSH
(µIU/ml)/ 

ТТГ
(мкМЕ / 

мл)

Lpx
(moles/

mg)/ Lpx
(моль/мг)

Pearson’s 
‘r’ 0.072 0.549 0.357 0.217 0.049 0.190 0.236 0.113 -0.013 -0.071 -0.275 0.880 1

p value 0.47 0.00 ** 0.00 ** 0.02 * 0.62 0.05 0.01 * 0.260 0.898 0.47 0.00 ** 0.00 ** -

(N=) 102 102 102 102 102 102 102 102 102 102 102 102 102

* (p<0.05) ** (p<0.001)
Note: WC — Waist circumference, SBP — Systolic blood pressure, DBP — Diastolic blood pressure, TAG -Triglyceride, LDL — Low 
density lipoprotein, FPG -Fasting plasma glucose, HDL — High density lipoprotein, HbA1c — Glycosylated hemoglobin, T3- Tri 
iodothyronine, T4 — Thyroxine, TSH — thyroid stimulating hormone, Lpx — Hormone Lipid peroxidation product.
Примечание: ОТ — окружность талии, САД — систолическое артериальное давление, ДАД — диастолическое 
артериальное давление, ТАГ‑триглицерид, ЛПНП — липопротеины низкой плотности, FPG — уровень глюкозы плазмы 
крови натощак, ЛПВП — липопротеины высокой плотности, HbA1c — гликозилированный гемоглобин, Т3- трийодтиронин, 
T4 — тироксин, ТТГ — тиреотропный гормон, Lpx — продукт перекисного окисления липидов гормона.

Significant positive association has been observed 
between TSH and Lpx in this study. CRP though 
positively associated with TSH does not reveal any 
statistical significance. Various other studies [30, 31] 
have reported that hypothyroidism associated oxidative 
stress is the consequence of both increased production of 
free radicals and reduced capacity of the anti-oxidative 
defense. In our study, T4 but not T3 revealed a significant 

negative association with oxidative stress. Altered 
thyroid hormone levels are one of the physiological 
modulators of cellular oxidative stress due to their 
known effects on mitochondrial respiration [21].

A significant correlation between Lpx and waist 
circumference, systolic and diastolic blood pressure 
has been observed in this study (Table 3).

Table 3 
Standardized regression coefficients of multiple linear regression of Lpx

Таблица 3
Коэффициенты стандартизованной регрессии множественной линейной регрессии Lpx

Model 1 ^/ Модель 1^ P value/Значение Р

R square/R квадрат
Coefficient

0.8026 0.00

Adjusted Rsquare/ Скорректированный 
квадрат R 0.7986 0.00

Model parameter/ Параметр модели Coefficient/ 
Коэффициент

Standardized beta  coefficient/  
Стандартизированный бета-коэффициент P value

TSH (µIU/ml)/ ТТГ (мкМЕ/мл) 0.596 0.794 0.00 **
WC (incm)/ОТ (в см) 0.083 0.188 0.00 **

Constant/ Постоянная -3.18  -3.18 0.03 *
Note: ^ Lpx is the dependant variable and TSH and WC are the independent variables, * (p<0.05), ** (p <0.001), TSH- Thyroid 
stimulating Hormone, WC- Waist circumference.
Примечание: ^ Lpx — зависимая переменная, а ТТГ и WC — независимые переменные, *(p <0,05), **(p <0,001), TSH- 
тиреотропный гормон, ОТ — окружность талии.
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Fig. 1. The linear relationship between data of variable Lpx in Y 
axis and TSH in X axis in the form of a scatter plot.
Рис. 1. Линейная зависимость между данными 
переменной Lpx по оси Y и TSH по оси X в виде  

диаграммы разброса.

Oxidative stress ensues, when the storage capacity of 
the adipocytes is exceeded, resulting in its hypertrophy. 
Higher release of pro inflammatory cytokines such as 
IL‑1, IL‑6 and TNF‑α generates a low grade inflammation 
which begins in the adipose tissue and eventually reaches 
the circulation and other organs [32, 33].

The systolic and diastolic blood pressure are 
positively correlated with biomarkers of oxidative stress 
and negatively correlated with the levels of antioxidants 
in the results obtained from several studies [34—36]. 
This fact is attributed to endothelial dysfunction caused 
by oxidative stress and inflammation, producing 
imbalance of vasoconstrictor and vasodilator products.

Conclusion
The hypothyroid patients have significant higher 

degree of oxidative stress compared to euthyroid 
patients. Since oxidative stress is associated with adverse 
cardiovascular events due to underlying metabolic 
syndrome, they are the candidates for preventive health 
intervention. Effective screening of the hypothyroid 
patients for obesity, hypertension, hyperglycemia and 
dyslipidemia will identify the metabolic syndrome in 
such patients. Early intervention in the form of lifestyle 

modification, behavioral therapy, diet education and 
nutritional therapy should be implemented to prevent 
the future cardiovascular risk.

Study limitations
1.	 The present study was executed as a pilot study 

in a resource constrained set up (in a newly established 
medical college hospital’s central laboratory). The 
assessment of biochemical parameters was restricted 
to the range and type of instruments available in 
the central lab of the biochemistry department. The 
assessment of free T3 and free T4 and the assessment 
of other biochemical parameters like apolipoprotein-B 
levels could have provided more strength to the study 
objectives and analysis but the same are not currently 
available for assay in the central lab.

2.	 The ethnicity of the study subjects in our study was 
predominantly tribal (more than 75 % of the participating 
study subjects were ethnically tribal and more than 50 % 
had legal status as Scheduled Tribes as per the official 
Scheduled Tribe list of the government of Odisha). 
However because of sensitivity of the issue and the hospital 
being a public funded health facility, exclusion of nontribal 
patients in the central lab where they were consecutively 
self-reporting was not legally possible.

3.	 The exclusion criteria were affected by self-
reporting as the design of the study was as such. 
Home visits or validation of the previous medical 
records to independently verify the veracity of the 
exclusion criteria in each enrolled study subject was 
not logistically feasible within the limitation of the 
resources available to the authors.

4.	 The study, in as much the sample size was 
effectively limited by the un-anticipated turn of events 
following the outbreak of the COVID‑19 pandemic.
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