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Oxidative stress correlates well with markers of metabolic
syndrome in clinically hypothyroid cases: a hospital based
study in a remote tribal district
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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 (T,), thyroxine (T,) 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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Koppensiuusa oKUcnuTenbHOro ctpecca ¢ Mapkepamm
MeTab0/InYeCcKoro CUHAPOMA B KJIMHUYECKUX C/lyyasiX rmnoTupeosa:
uccnepoBaHue Ha 6ase 60/1bHULbI B OTAANIEHHOM MNJIEMEHHOM
panoHe

C. INanpa', Manomx K. [lamr’, ITpasar K. Taroii?, [I. lasaanar®, b. Pat*

! MenguuyHckuii kosutemx [angura Parxynarxa Mypwmy, e. bapunada, Oduwa, MHOus
2 MepunmHckuii Konnemk [pupama Yanaper bxanmka, e. Kammak, Oduwa, MHOus
3 YTKanbCKuii yHUBepcuTeT, 2. bxybaneweap, Oduwa, UHdus
4 Yuusepcuret Hopr-Opuiia, 2. Bapunada, Oduwa, UHdus

AnHoTanust. AKmyanbHOCMb. [JUCTUUeMys SIBJISIETCS OJHAM U3 OCHOBHBIX ITPOSIB/IEHHH MpoLiecca 3a00sieBaHusI IUTO-
BU/THOM >KeJie3bl U3-3a U3MeHeHHsT MeTa0O0/IMueCKUX TTapaMeTpPOB, KOTOPbIe Tak)Ke HAOMIOAr0TCsl PU MeTab0/IMUeCKOM CHH/POME.
Xots B 00a 1poLiecca BOB/IeYeH OKUC/IUTEeIbHBIN CTPeCcC, pe3y/ibTaThl Pas3/IMuHbIX UCC/Ie0BaHUN JOCTaTOUHO MPOTHBOPEUHBEIE.
Llenb: orpefieNUTh CTaTyC NPOAYKTa MePeKUCHOr0 OKUCIeHUs TMnuzoB (Lpx) B mucciefyeMoii rpyIie U BbISIBUTb B3aUMOCBSI3b
Pa3NMUUHBIX KOMITOHEHTOB MeTabo/IiyecKoro cuHpoMa. Mamepuanbt u memoosbl. ['pyriry ucciiegoBanus cocrtaBuv 102 naipeHra,
13 HUX 60 370POBBIX MALEHTOB C 3yTUPEOU/IHBIM KOHTPOJIEM U 42 MaljMeHTa ¢ rTunoTupeo3oM. O6pasiibl KpoBU ObLTH COOPaHBI st
OTpe/ieNIeHKs YPOBHS Caxapa B KPOBU HAaTOLIAK, MapaMeTpOB MOYeK, JIUMHMHOTo podws, TpuioaTuponnHa (T,), Tupokcuna (T),)
1 TUpeoTporHoro ropmoHa (TTT'). YpoBeHb IepeKUCHOTO OKHC/IEHHS TMIHZAOB B 00pa3Ljax ONpeZessv yTeM MOHUTOPHHTA
YPOBHSI BeI[eCTB, OJ00HBIX THOOAPOUTYPOBOI KUC/IOTE, TIOJ0OHBIX BEIeCTB U JyruM. Pe3yibmambl. Iemorpadurueckrie napa-
MeTpbl ObL/M 3HAUMTE/IHHO H3MEeHEHB! Y MaljeHTOB C TUIIOTHPe030M. Bbio 06HapyskeHo, UTO CUCTO/IMYeCKOe U AUacTOMUecKoe
apTepuasbHOe /laBieHre B 00erX rpyrax uMeeT Oosiee BHICOKOe Cpe/iHee 3HaueHHe Y MaljeHTOB C TMIIOTHPe030M. YPOBeHb caxapa
B KPOBH HATOIaK, OOIIWI X0/1eCTepyH, TPUALIIVIULIEPHH, JIUTTOTIPOTENHBI HU3KOM IIOTHOCTH U JIATIOTNIPOTEMHBI BHICOKOH TUIOT-
HOCTH B THTIOTHPeo3e ObUTM 3HAUMTETBHO BBILLIe, YeM B KOHTPOJIbHBIX TPYIITax C 3yThpeoroM. Hanbosee yacTeiv H3MeHeHHEM
y TIALMEHTOB C rUnoTrpeo3om 0buio nosbierre CA/JL (95 %), runeprpurutiepugemuisi (50 %), yBesMueHre OKPY>KHOCTH Ta/Tuu
(48 %) u DA (42 %). Y naiyeHToB C TUIIOTUPe030M HabJIHoanoch yeThipexkpaTHoe yBenuuenve Lpx (p <0,001). Mexxay TTT
Y TIePeKUCHBIM OKHC/IEHHEeM JIMIH/I0B Ha0/rofianach CToHKask TI0JIOKUTeNbHas CBs3b. MHOKeCTBeHHbIE JIMHEeHHbIe perpecchu
BBISIBUIA CUJTBHEHIITYO ¥ CTaTUCTUYeCKH 3HAUMMYIO CBSI3b MEK/ly THPEOTPOITHBIM TOPMOHOM ChIBOPOTKH M OKPY>KHOCTBFO TaJTUH.
Bbi800bI. T1alieHThl C TUTIOTUPE030M UMEIOT 3HaUMTeIbHO Ooslee BBICOKYIO CTeTleHb OKMCIUTETbHOTO CTPecca M KOMITOHEHTOB
MeTabosmyeckoro cuHApoMa. OHH SIBJISTFOTCS KaHAWJATaMU Ha TIPO(QH/IaKTHYeCKOe MeJMIIMHCKOe BMeLlaTe/TbCTBO.

K/iroueBbie ¢JI0Ba: [VCUATTHIEMUS, METaDO/TNUeCKUI CUHZPOM, TIePEKMCHOEe OKUC/IeHne TUnuioB, TTT
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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
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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
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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 — Hbalc,
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 T,, T, 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
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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
(WQ), systolic blood pressure (SBP), diastolic
blood pressure (DBP), triglyceride (tag), low
density lipoprotein (LDL), high density lipoprotein
(HDL), fasting plasma glucose (FPG), glycosylated
hemoglobin (Hbalc), thyroid stimulating hormone
(TSH) and the serum lipid peroxidase (Lpx) were all
higher in the hypothyroid group than the euthyroid
study subjects (Table 1).

59



Panda S. et al. Bectuuk PYJH. Cepusti: Meguumnna. 2021. T. 25. Ne 1. C. 55—65

Comparison of socio-demographic and serum markers of the study subjects in the two groups rable T
Tabnuuya 1
CpaBHeHue couualibHO-AeMorpadmyeckmx napaMeTpoB U MapKepoB CbIBOPOTKU KPOBHU B [iBYX Ipynnax nayMeHToB
el Cutyoit) Syrupeonn (1=40) |, RO | Pl | gy Teo
Socio-demographic parameters/ coymnanbHo-
AeMorpaguyeckue napameTpbl
Age (in yrs)/ BoapacT (neT) 40.92+10.79 4526 +£11.71 0.60 Student'’s ‘t’ test
Sex /non
Male/Myxckoi 23 11 0.20 Fisher's exact test
Female /XXeHckui 37 31
Ethnicity/
OTHMYEeCKas NPUHAANEXHOCTb
Tribal / TinemenHoi 31 30 0.06 Fisher’s exact test
:(e)?'l:ét:/?g-moﬁ 2 12
Location/ MecTo pacnonoxeHus
Rural/ Cenbckui 41 33 0.27 Fisher’s exact test
Urban/ lopogackoi 19 9
Metabolic syndrome components/
KoMroHeHTbI MeTa60o/InYecKoro CUHApoOMa
WC (in cm)/ OT (B cM™) 63.13 £ 8.97 79.23 + 15.06 0.00 Student’s '’ test
SBP (mmHg)/ CAL, (MM pT. CT.) 134.53+10.79 145.14 +10.52 0.00 Student’s ‘t’ test
DBP (mmHg)/ AAL (MM pT. cT.) 77.22 £ 6.86 85.93+8.31 0.00 Student’s ‘t’ test
TAG (mg/dl)/ TAT (Mr/an) 124.20 + 51.35 140.33 + 82.60 0.26 Student’s ‘t’ test
LDL (mg/dl)/ INHM (mr/an) 89.98 +27.74 98.04 + 33.56 0.18 Student’s ‘t’' test
HDL (mg/dl)/ NNBM (mr/an) 46.93 +9.43 53.42+10.90 0.00 Student’s ‘t’ test
FPG (mg/dl)/ FPG (Mr/an) 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/
Mapkepb! LUTOBUAHOM XKenesbl
T,(ng/ml)/ T, (Hr/mn) 1.28+0.49 1.42+0.77 0.28 Student’s '’ test
{4; ((‘:AQK/ rd/z/n ) 10.50 £2.77 9.44+2.88 0.06 Student's 't’ test
TSH (pIu/ml)/ TTI (MKME/mn) 2.74+0.88 12.64 £10.59 0.00 Student’s '’ test
LPx (moles/mg)/ LPx (Monb /Mmr) 2.88+1.10 12.10 £ 6.64 0.00 Student’s '’ 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, T,- Tri
iodothyronine, T, — Thyroxine, TSH — thyroid stimulating hormone, Lpx — Hormone Lipid peroxidation product.

lNpumedarue: OT — oKpy>KHOCTb Tanun, CALl — cucTonuyeckoe aptepuansHoe aasnenue, A — anactonmyeckoe
apTepuanbHoe aasnenuve, TAl-Tpurnuuepug, JINTHIM — nnnonpoTenHbl HU3KOM NIOTHOCTU, FPG — ypOBeHb MHOKO3bI MiasMbl
KpoBwu HaTowwak, JIMBIM — MnonpoTeriHbl BbICOKOR NAOTHOCTW, HDATC — rMKO3UINPOBaHHbIA TeMOrI06MH, T,- TOUAOATUPOHMH,
T,— TMPOKCUH, TTI — TMPEOTPONHbIN FOPMOH, LpX — MPOAYKT NEPEKUCHOTO OKMUCEHUSA MNINA0B FOPMOHA.
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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 (T,) 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 Ipx 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,
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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)

Tabnuuya 2

Matpuua KoaphULMEHTOB IMHENHON KOPPEensaLuM pa3IMyHbIX NapaMeTPOB UCCNIeA0BAHUA OTHOCUTENbHO Mnuanepokcuaasbl (Lpx)

Variables/| Age | Wc SBP DBP | TAG | LDL | HDL |FPG(mg/|HbAIC| T, T, TSH Lpx
Mepe- (yrs)/ | (cm)/ | (mmHg)/ | (mmHg)/ | (mg/dl)/ | (mg/dl)/ | (mg/dl)/ | dI)/ FPG | (%) | (ng/ml)/ | (pg/dl)/ | (uIU/mI)/ | (moles/
MeHHble | Bospact | OT (cM) | CA[ OAQ [ TArM (mr/ | NOHN | AnNBN | (mr/an) T,mr/ | T,(Mr/ T mg)/ Lpx
(neT) (MmpT. | (MMpT. an) | (mr/an) | (mr/pn) M) an) (MKME/ | (Monb/mr)
cT) CT.) mn)
Peafﬁons 0072 | 0549 | 0357 | 0217 | 0.049 | 0.190 | 0236 | 0.113 |-0.013 | -0.071 | -0.275 | 0.880 1
pvalue | 047 [0.00%| 0.00% | 0.02* | 062 | 005 | 001* | 0260 | 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, T - Tri
iodothyronine, T, — Thyroxine, TSH — thyroid stimulating hormone, Lpx —Hormone Lipid peroxidation product.

lNpumedarme: OT — oKpy>KHOCTb Tanun, CALl — cuctonuyeckoe aptepuansHoe aasnenue, JAL — anactonuyeckoe
aprtepuasnbHoe gasnenve, TAI-Tpurnuuepug, JINHM — nnnonpoTenHbl HU3KOM NAOTHOCTU, FPG — ypoBeHb MoKO3bI NMiasMbl
KpoBW HaTowwak, /MBI — iMnonpoTerHbl BbICOKOHR NAOTHOCTH, HDATC — rMKO3UIMPOBaHHbIA FeMOrfIo6UMH, T,- TOUAOATUPOHWH,
T, = TVPOKCUH, TTI — TUPEOTPOMHbIA TOPMOH, LpX — NPOAYKT NEPEKNCHOro OKUCNEHNA IMMNAOB FOPMOHA.

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, T, but not T, 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

Ta6nuya 3

KoadduumeHTbl cTaHAAPTU30BaHHON perpeccMn MHOXECTBEHHOIN NIMHEHOW perpeccum Lpx

Model 1/ Mogenb 1 P value/3Hayenne P
R square/R kBagpat 0.8026 0.00
Coefficient
Adjusted Rsquare/ CKOppeKTUpOBaHHbI 0.7986 0.00
kBagpat R
Model parameter/ MlapameTp Moaenu Coefficient/ Standardized beta coefficient/ P value
P P P MoA KoadduuneHT CTaHAapTM3NpoBaHHbIi 6eTa-koadhduUneHT
TSH (uIU/ml)/ TTI (MKME/mMn) 0.596 0.794 0.00 **
WC (incm)/OT (B c™m) 0.083 0.188 0.00 **
Constant/ [MocTosiHHas -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.

[pumedarue: » Lpx — 3aBuUCUMas nepemerHas, a TTI u WC — HesaBucHMMble nepemMeHHble, *(p <0,05), **(p <0,001), TSH-

TUPEOTPONHbIA TOPMOH, OT — OKPYXXHOCTb Tanuu.
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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.

Puc. 1. JInHenHas 3aBMCUMOCTb MeXAy AaHHbIMM
nepemeHHon Lpx no ocn Y 1 TSH no ocu X B Buae
avarpaMmbl pasépoca.

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-a 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

EXPERIMENTAL AND CLINICAL PHYSIOLOGY

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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