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Background and aims: Hashimoto’s thyroiditis (HT) is a commonly observed autoimmune thyroid disease and a frequent cause
of hypothyroidism. The nexus between hypothyroidism and the risk of cardiovascular diseases is of current interest globally.
Chronic inflammation culminating in endothelial dysfunction is perceived as a link. The association of HT with cardiovascular
diseases still needs to be clearly delineated. The inflammatory markers and their association with thyroid autoimmunity in HT
patients are attempted herein. Material and methods: Eighty (80) HT patients and an equal number of controls were enrolled
in this study. The serum concentration of TSH, FT4, FT3, anti-thyroperoxidase antibodies (Anti-TPO), interleukin-6 (IL-6), inter-
leukin-10 (IL-10) and high sensitivity — C reactive protein (hs-CRP) were estimated. Results: A significant increase in the levels
of IL-6 and hs-CRP in HT patients (p<0.01) was observed as against healthy controls. IL-10 levels significantly declined in HT
patients. IL-6 was found to be positively correlated with both TSH and Anti-TPO (p<0.01) among HT subjects. Conclusion: An
imbalance of pro- and anti-inflammatory cytokines prevalent in HT could be a valuable tool to assess cardiovascular risk.
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Background and aims

Hashimoto’s thyroiditis (HT) is the com-
monest of hypothyroidism [1] and is typified
by diffuse infiltration of the gland with sensi-
tized T lymphocytes. This in turn leads to grad-
ual destruction and fibrous replacement of the
thyroid parenchymal tissue. Elevated serum
antithyroid antibodies resulting in thyroid dys-
function to varying degrees is a cardinal feature
[2]. HT has a prevalence rate of 1-4% and is more
common in women and increases with age [3,

4]. HT is believed to exert obnoxious effects on
the cardiovascular system attributed to chronic
inflammation [5]. Inflammation is implicated
at all stages of the progression of atherosclero-
sis. The chief inflammatory markers involved
are interleukin-6 (IL-6) and high sensitivity - C
reactive protein (hs-CRP) [6]. IL-6 is an import-
ant marker of endothelial dysfunction, which
is regarded appropriately as an early step in the
pathogenesis of atherosclerosis [5]. IL-6 indi-
rectly promotes atherogenesis by increasing
the hepatic production of hs-CRP [7]. CRP is the
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major protein of the plasma, whose serum con-
centration can be directly related to the magni-
tude of inflammation [8]. IL-6 and hs-CRP are
considered to be potential tools for predicting
atherosclerosis and cardiovascular events [6].
Although few studies have demonstrated the
involvement of IL-6 and hs-CRP in HT pathogen-
esis [6, 7,9, 10], others have reported a contradic-
tory outcome [11, 12]. While pro-inflammatory
cytokines are considered to have a detrimental
role in atherosclerosis [13], IL-10 synthesized by
regulatory T cells (Treg) has antagonistic effects
on pro-inflammatory cytokines[14, 15]. IL-10 sup-
presses Thl- mediated immune response through
downregulation of pro-inflammatory cytokine
synthesis and also inhibits antigen-presenting
cells by downregulating major histocompati-
bility complex - IT (MHC-II) [16]. Though recent
studies have reported the involvement of IL-10 in
HT pathogenesis, it is still unclear, as to whether
IL-10 promotes or ameliorates the inflammation
in HT patients [15]. A proper balance between
pro-inflammatory cytokines (IL-6) and anti-in-
flammatory cytokines (IL-10) plays a critical role
in the development of autoimmune diseases [17].
Though the role of cytokines in HT pathogen-
esis has been investigated by various studies,
there exists significant heterogeneity as well as
ambiguity in their results. Thus, this study aims
to probe into the inflammatory cytokines and
their association with thyroid autoimmunity.
The study was conducted on patients with HT in
South India.

Material and methods
Study design and patients

Inclusion criteria: This cross-sectional
study was designed to include eighty (80) newly
diagnosed and untreated HT patients and an
equal number of patients with same age and gen-
der-matched healthy controls who had attended
the clinics at a tertiary care hospital in South
India. The patients who had elevated serum TSH
levels, with or without elevated fT3 and fT4, high
serum anti-TPO and enlarged rubbery thyroid
were categorized as Hashimoto’s thyroiditis [18].
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Exclusion criteria: Patients with diabe-
tes mellitus, cardiovascular disease, pregnancy,
thyroid cancer and any other autoimmune dis-
ease such as lupus erythematous and rheumatoid
arthritis were excluded from the study.

All the participants were enrolled for
the study following written informed consent.
The study was conducted in accordance with the
Declaration of Helsinki and was approved by the
Institute Ethics Committee.

Anthropometric and laboratory data collection

Anthropometric measurements and lab-
oratory assessments were carried out on all the
participants, as per established protocol. Body-
weight and height were measured with a cali-
brated digital scale and stadiometer respectively.
Waist circumference (WC) was measured midway
between the lowest rib and iliac crest at umbilicus
level and hip circumference (HC) was measured
at the widest girth of the hip using a measuring
tape in centimeters. The waist to hip ratio (WHR)
was calculated by WC divided by HC. Blood pres-
sure values were measured in the sitting position.
Demographic information and family history of
diabetes, hypertension, and any thyroid disorder
were obtained from the participants.

Blood was collected from all the partici-
pantsin the fasting state and subjected to centrif-
ugation at 3000 rpm. The separated serum was
used for the estimation of biochemical parame-
ters. Serum concentrations of fT3, fT4, and TSH
were measured using the chemiluminescence
(CLIA) method adapted to Advia Centaur XP, Sie-
mens, USA. Anti-TPO was determined by Medi-
zym Anti-TPO Enzyme-Linked Immunosorbent
Assay (ELISA) kit, Berlin, Germany. The circu-
lating levels of IL-6 and IL-10 were estimated by
Diaclone ELISA kit, France. The serum level of
hs-CRP among HT patients and healthy controls
was determined by Calbiotech ELISA kit, USA.

Statistical analysis

Statistical analysis was performed using
licensed SPSS software 20.0 version. Data were
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presented as meanzstandard deviation (SD) or
median (inter-quartile range), wherever appro-
priate. Differences between the two groups were
tested using the independent student’s t-test for
normally distributed variables and Mann-Whit-
ney’s U-test for non-normal distributed variables.
Spearman’s correlation was used to determine
the correlation of TSH and Anti-TPO with other
variables. p-Value <0.05 was considered to be sta-
tistically significant.

Results

A total of 160 subjects including 80
healthy controls and 80 Hashimoto’s thyroiditis
patients were enrolled in this study. Anthropo-
metric parameters and thyroid profile of the two
groups were compared in Table 1. Based on the
data, there was a significant difference between
the mean values of the Hashimoto’s thyroiditis
(HT) group and the control group in terms of WC,
WHR, fT3, fT4, TSH, and Anti- TPO antibodies.

Table 2 shows a significant increase in
serum levels of IL-6 and hs-CRP among the HT
group as compared to healthy controls. Whilst,
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there was a significant decrease in the serum
level of IL-10 in the HT group when compared to
controls.

Correlation analyses of TSH and anti-
TPO antibodies with other biochemical param-
eters were done. In correlation analysis, TSH
was found to be negatively correlated with fT3
(r=-0.700, p<0.01), fT4 (r=-0.755, p<0.01) and pos-
itively correlated with Anti-TPO antibodies (Fig-
ure 1) and IL-6 (Figure 2).

Anti-TPO antibodies were positively
correlated with TSH (r=0.795, p<0.01) and IL-6
(Figure 3), whereas, negatively correlated with
fT3 (r=-0.591, p<0.01) and fT4 (r=-0.628, p<0.01).
When IL-6 was subjected to linear regression
analysis, it was found to be independently asso-
ciated with Anti-TPO (Standard co-efficient
beta=0.364, p<0.01).

Discussion

Hashimoto’s thyroiditis is the most com-
mon cause of hypothyroidism and is suggested
to be connected with higher cardiovascular
risk independent of thyroid function. A chronic

Table 1: Comparison of anthropometric parameters and thyroid profile between healthy controls and

Hashimoto’s thyroiditis patients.

Control (n=80)

Age (years) 29.34+7.6
Gender (M/F) 3/77

WC (cm) 81.6+7.03
HC (cm) 92.6+6.6
WHR 0.88+0.03
Systolic BP (mmHg) 117.4+6.3
Diastolic BP (mmHg) 78.3+3.6
fT3 (pg/ml) 2.8+0.40
£T4 (ng/dl) 1.03+0.12
TSH (mIU/ml) 2.1(1.5-2.9)
Anti thyroperoxidase 29.5 (27-39)
antibodies (IU/ml)

Hashimoto’s

thyroiditis (n=80) D
31.1+7.14 0.135
2/78 -
88.5+7.4 <0.01
93.9+4.4 0.162
0.94+0.05 <0.01
118.5:8.6 0.356
78.6:8.2 0.759
2.5+0.72 <0.01
0.8+0.3" <0.01
21.4(9.1-28.9)" <0.01
1060 (867.5-1400)" <0.01

WC: waist circumference, HC: hip circumference, WHR: waist hip ratio, TSH: thyroid stimulating
hormone. The data are represented as mean+SD/Median (IQR). p-Value is calculated by independent t-test
for normal distributed parameters and Mann-Whitney’s U-test for non-normal distributed parameters.

"p-Value <0.01is considered statistically significant.

© 2021 The Authors

Romanian Journal of Diabetes, Nutrition and Metabolic Diseases :: www.rjdnmd.org 397


www.rjdnmd.org�

Rajarajeswari ef al. Biochemical imbalance of pro- and anti-inflammatory cytokines as putative risk factors

Table 2: Comparison of Inflammatory parameters between the healthy controls and Hashimoto’s thyroiditis
group.

_ Hashimoto’s
Control (n=80) thyroiditis (n=80) p-Value
IL-6 (pg/ml) 33.4:8.3 122.74+20.3 <0.01
IL-10 (pg/ml) 12.16+4.03 8.5+3.04 <0.01
hs-CRP (mg/]) 1.1(0.4-2.0) 4.1(2.5-6.8) <0.01

IL-6: interleukin-6, IL-10: interleukin-10, hs-CRP: high sensitivity C-reactive protein. The data are
represented as mean+SD/Median (IQR). p-Value calculated by independent t-test for normal distributed
parameters and Mann-Whitney’s U-test for non-normal distributed parameters. “‘p-Value <0.01is considered
statistically significant.
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Figure 1: Correlation analysis between anti-TPO and TSH (r=0.795, p<0.01, done using Spearman’s correlation
analysis).
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Figure 2: Correlation analysis between TSH and IL-6 (r=0.593, p<0.01, done using Spearman’s correlation analysis).
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inflammation resulting from an imbalance
between pro-inflammatory (IL-6) and anti-in-
flammatory (IL-10) cytokines could be a link [17].
Thus, in this study, we aimed to evaluate the
inflammatory markers in HT subjects and their
association with thyroid autoimmunity among
the South Indian population.

The findings of the present study have
depicted an increase in the pro-inflammatory
cytokines and a decrease in the anti-inflammatory
cytokines. We found an increase in serum levels of
IL-6 and hs-CRP, whereasadecreasein IL-10in HT
subjects compared to healthy control. There wasa
strong positive correlation of IL-6 levels with TSH
and Anti-TPO among HT subjects, which possibly
demonstrates the role of thyroid autoimmunity.

Various studies have delineated the
involvement of cytokines in the pathogenesis of
HT, which are known to modify epithelium integ-
rity and allow the infiltration of the thyroid by T
cells and other immune cells. IL-6 is a marker of
systemic inflammation, which has been found
to be elevated in HT patients [5]. IL-6 plays an
important role in the pathogenesis of athero-
sclerosis by promoting endothelial dysfunction,
smooth cell proliferation and migration [16].
Turemen et al. [19] have observed an increase
in the serum levels of IL-6, TNF-a and hs-CRP
in HT patients and also a positive correlation of
inflammatory markers with flow-mediated dila-
tion which displays, low-grade chronic inflam-
mation as a factor to promote atherosclerosis in
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HT. In the current study, there was a significant
increase in IL-6 levels among HT subjects. This
was in concordance with previous studies [19, 20].
Marchiori et al. [6] also showed similar results,
in which they stated an increase in IL-6 levels in
HT subjects, which started to decrease gradually
after treatment. In contrast, Kammoun-Krichen
et al. observed decreased IL-6 levels in the hypo-
thyroid group and a significant increase of IL-6
in the hyperthyroid group [12]. Whereas, Mikos
et al. showed no difference in IL-6 levels among
hypothyroid and controls [21].

Recent advances in immunology led to
the discovery of a new subset of T helper cells viz,
Regulatory T cells (Treg) and IL-17 expressing T
cells (Th17). Treg cells aids in the prevention of
autoimmunity by the production of immunosup-
pressive cytokines such as IL-10 and TGF-B [22].
IL-10 exerts its anti-inflammatory effect by inhib-
iting the synthesis of inflammatory cytokines,
such as IL-1, IL-2, granulocyte-macrophage colo-
ny-stimulating factor (GM-CSF), tumor necrosis
factor-alpha (TNF-a), IL-6, IL-8 and interferon-y
by lipopolysaccharide (LPS)-stimulated mono-
cytes/macrophages. The present study demon-
strated a significant decrease in the serum levels
of IL-10 in HT patients in comparison to controls,
which is in agreement with the study done by De
La Vega et al. [23]. Though IL-10 plays a role in
the prevention of thyroid autoimmune diseases,
it’s more evident only in the earlier stages of the
disease. As the disease progresses, the effect of

3000 4000

Anti-TPO (IU/mL)

Figure 3: Correlation analysis between Anti-TPO and IL-6 (r=0.690, p<0.01, done using Spearman’s correlation

analysis).
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pro-inflammatory cytokine overrides the effect
of anti-inflammatory cytokine [23]. Increased
IL-6 levels conceal the conversion of naive CD4+
T cells to Treg cells, leading to decreased secre-
tion of IL-10 [24]. But still, disparity prevails
about the role of IL-10 in HT. While Gerenova et
al. [15] observed increased IL-10 levels in HT sub-
jects, Phenekos et al. [25] and Kristensen et al. [26]
did not find any association of IL-10 with HT.

In the present study, IL-6 was found to be
positively correlated with TSH and Anti-TPO. But
we could not find any association of IL-10 with
TSH and Anti-TPO. In a study done by Sieminska
et al., IL-6 levels were higher in hypothyroid
patients with positive Anti-TPO when compared
to hypothyroid patients without Anti-TPO [5].
Whereas, EI-Shenawy et al. did not find any cor-
relation between IL-6 and Anti-TPO in HT sub-
jects [7]. We found a positive correlation between
Anti-TPO and TSH in our study. Though the exact
role of Anti-TPO is unclear, it can be speculated
that antibodies against thyroperoxidase posi-
tively correlated with TSH, might promote the
release of a variety of cytokines like IL-6, TNF-a
and IFN-y [27].

As regards hs-CRP in the current study, it
was significantly elevated in HT when compared
to healthy controls. Thisisin agreement with pre-
vious studies [19, 20], where a significant elevation
of hs-CRP is seen among HT patients. Interaction
of IL-6 on TNF-a and IL-1 might increase serum
levels of CRP among hypothyroid patients. Also,
CRP clearance rate decreases due to the slower
metabolic rate observed in hypothyroidism,
which results in elevated serum CRP levels [28].
Taddei et al. in their study observed an increase
in IL-6 and hs-CRP levels in HT subjects and con-
cluded that chronic low-grade inflammation
may cause endothelial dysfunction, promoting
atherosclerosis. IL-6 may promote atherogenesis
directly by endothelial-dependent mechanisms
or else indirectly by stimulating hepatic produc-
tion of CRP [29]. In turn, CRP hampers endothe-
lial function by downregulating endothelial NO
synthase and augmenting endothelin-1 synthesis,
which is a potent vasoconstrictor [30]. Further
studies, including subjects at different thyroid
function levels with and without elevated anti-
TPO and larger sample size, may throw more
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light and provide a deeper insight into the role
of inflammatory cytokines and their association
with cardiovascular risk in HT patients.

Conclusion

A chronic low-grade inflammation pre-
vails in HT patients which has been attributed to
a lack of proper balance between pro- and anti-in-
flammatory cytokines. This may lead to impend-
ingcardiovasculardiseases. Therefore, assessment
of inflammatory cytokines may help in attenuat-
ing the onset and progression of cardiovascular
diseases in HT patients. Further elaborate studies
dwelling into the molecular basis of the immu-
nopathogenesis of HT would provide greater and
renewed insights into several important hitherto
unknown facets. This could open newer vistas
for the development of novel targeted therapeu-
tics and reinforced personalized medicine for the
management of Hashimoto’s thyroiditis.
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