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Hashimoto’s thyroiditis (HT) is an autoimmune disorder characterized by elevated
thyroid-stimulating hormone (TSH) levels. This research investigates the complex interaction
between HT and cardiovascular risk in adult Jordanian non-pregnant women aged 20-50.
Through a study involving 50 HT subjects and 40 healthy subjects, the levels of lipoprotein-
associated phospholipase A2 (PLA2), high sensitivity C-reactive protein (hs-CRP), and anti-
thyroid peroxidase (anti-TPO) antibodies were compared using ELISA methods and enzymatic
colorimetric assays for lipid profiles. The results revealed significantly higher serum levels
of hs-CRP, PLA2, and Anti-TPO in Hashimoto's patients, coupled with elevated cholesterol,
triglyceride, and low-density lipoprotein (LDL) levels. Conversely, reduced levels of high-density
lipoprotein (HDL) were observed in Hashimoto’s patients compared to healthy subjects. The
study establishes a noteworthy correlation between thyroid autoimmunity, thyroid disease,
PLA2, hs-CRP, and lipid profile, underscoring an increased cardiovascular risk in individuals
with Hashimoto’s thyroiditis. The findings emphasize the prevalence of Anti-TPO antibodies
in adult Jordanian non-pregnant women with Hashimoto’s thyroiditis.

Vol. 17(2), p. 1177-1185

Keywords: Anti-thyroid peroxidase; Cholesterol; C-reactive protein; Hashimoto’s thyroiditis;
Thyroid-stimulating hormone.

The thyroid gland, a vital endocrine organ,
plays a central role in regulating metabolic, growth,
and developmental processes in humans '. Serving
as a major target of autoimmune disorders, the
thyroid continuously releases hormones, including
thyroxine, triiodothyronine, and calcitonin, crucial
for physiological homeostasis 2. Notably, thyroid

hormones exert a profound influence on the
cardiovascular system, and imbalances can lead to a
spectrum of disorders from goiter to life-threatening
conditions **. Thyroid dysfunction, encompassing
hyper- and hypothyroidism, can precipitate heart
failure, fibrillation, and hypertension by impacting
cardiac output, contractility, vascular resistance,
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and rhythm *. Among women of reproductive age,
thyroid diseases are particularly prevalent, with
hypothyroidism, hyperthyroidism, and thyroid
nodules/cancer being common manifestations
136 Hypothyroidism, characterized by reduced
thyroid gland activity, has far-reaching effects
on various physiological systems, including
neuromuscular, gastrointestinal, and cardiovascular
functions, as well as lipid metabolism associated
with heart disease 7*. Autoimmune thyroid disease
(AITD), the most frequent thyroid dysfunction,
encompasses disorders such as Hashimoto’s
thyroiditis and Graves’ disease, manifesting
through the production of thyroid autoantibodies
like Anti-TPO and thyroglobulin antibodies (Tg)
%10 In AITD, cardiovascular risks associated
with thyroid hormone imbalance may result in
hemodynamic, hormonal, and metabolic changes,
influencing factors such as hs-CRP and PLA2 .
C-reactive protein, an acute-phase protein linked
to inflammation, and lipoprotein-associated
phospholipase A2 (Lp-PLA2), associated with
subclinical cardiovascular disease, emerge
as significant markers in understanding the
cardiovascular implications of thyroid disorders
1213 This comprehensive overview underscores
the intricate relationship between thyroid function,
autoimmune thyroid diseases, and cardiovascular
health.

METHODOLOGY

Ethical approval

The institutional review board (IRB) of
Faculty of Allied Medical Sciences at Al-Ahliyya
Amman University approved this study.(IRB:
AAU/3/9/2021-2022). Data and samples were
collected after written consent was obtained from
each participant before the start of data collection.
Sample Collection and Handling

Three to 4 ml of human blood samples were
meticulously collected by standard venipuncture
procedure from Talyah Medical Labs. To ensure
standardization, samples were gathered after §-12
hours of overnight fasting, with fasting times duly
verified before specimen collection. The blood
specimens underwent careful management in the
dedicated blood withdrawal room before being
promptly transported to the clinical laboratories
at Talyah Medical Labs. The inclusion criteria
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encompass individuals aged between 20 and 50
years old, non-pregnant females, non-alcoholics,
and individuals diagnosed with hypothyroidism.
Conversely, the exclusion criteria involve diabetic
patients, individuals with kidney or liver-related
issues, as well as lactating women and those
in menopause. Additionally, individuals with
polycystic ovary syndrome are also excluded from
the study.
Processing and Storage

Upon collection in plain tubes, whole
blood was allowed to clot at room temperature for
5 minutes. The subsequent removal of the clot was
achieved through centrifugation at 3,000-3500 rpm
for 5 minutes. All serum samples were judiciously
stored at “20°C to maintain sample integrity,
ensuring optimal conditions for subsequent
analyses.
Biochemical analysis

Total cholesterol (TC), high-density
lipoprotein cholesterol (HDL-C), and triglycerides
(TG) were measured using enzymatic colorimetric
assays. In contrast, low-density lipoprotein
cholesterol (LDL-C) levels were calculated using
Friedewald’s formula, ensuring a comprehensive
lipid profile assessment.
Diagnostic Biomarkers
Serum thyroid-stimulating hormone

Thyroid-stimulating hormone ELISA
Kit from Italy company (Diametra-Catalogue
number: DKOO013) with a reference rang from
(0.27-4.2 mIU/L) was used. This kit is used to
measure TSH levels in different types of samples
including: human serum and plasma. This kit is
based on Direct ELISA which measures antibody
concentrations using antigen-coated bounded in the
microELISA (Alhajj & farhana, 2021). The micro-
ELISA plate provided in this kit has been pre-
coated with conjugated antibody specific to TSH.
Standards or samples were added to the appropriate
Micro-ELISA plate wells were combined with
specific antibody. Then, a Horseradish Peroxidase
(HRP)-conjugated antibody was added to each
micro-ELISA plate well and incubated for 90
minutes at room temperature. After incubation, the
free components were washed away.

Tetramethylbenzidine (TMB) substrate
solution was added to each well followed by
incubation for 20 minutes at room temperature.
Only those wells that contain TSH and HRP
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conjugated-TSH antibody appeared as blue color
and then turned into yellow after the addition
of the stop solution. The optical density (OD)
was measured spectrophotometrically using
ELISA reader at a wavelength of 450 nm. The
OD value is proportional to the concentration of
TSH. Concentration of TSH in the samples was
calculated by comparing the OD of the samples
to the standard curve. The sensitivity of the test is
0.01 mIU/L.

Serum thyroid hormone

Free thyroxin hormone ELISA Kit was
obtained from Italy company (Diametra- catalogue
number: DKO038) with a reference rang from (12-
22 pmol/l) and used for analysis. This kit is used
to measure FT4 levels in different types of samples
including: human serum, plasma. This kit is based
on Direct enzyme-linked immunosorbent assay
ELISA type. The micro-ELISA plate provided
in this kit has been pre-coated with an antibody
specific to FT4. Standards or samples were added
to the appropriate Micro-ELISA plate wells were
combined. A HRP-conjugated antibody specific
for FT4 was added to each micro-ELISA plate
well and incubated for 1 Hour at room temperature.
After incubation, the free components were washed
away.

TMB substrate solution was added to
each well and incubate for 15 minutes at room
temperature. Only those wells that contain FT4
and HRP conjugated-FT4 antibody appeared
as blue color and then turned into yellow after
the addition of the stop solution. The OD was
measured spectrophotometrically using ELISA
reader at a wavelength of 450 nm. The OD value
is proportional to the concentration of FT4.
Concentration of FT4 in the samples was calculated
by comparing the OD of the samples to the standard
curve. The sensitivity of the test is 0.11 pmol/L
Serum Phospholipase A2, Lipoprotein
Associated

Serum PLA2, from USA company
(MyBioSource-catalogue number: MBS035611)
was used. This kit is based on Sandwich ELISA
type which measures antigen concentrations using
antibody-coated bounded in the microELISA
(Alhajj & farhana, 2021). MicroELISA plate
was pre-coated with an antibody specific to
PLA2. Standards or samples are added to the
appropriate microELISA plate wells and combined
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to the specific antibody. Horseradish Peroxidase-
conjugated antibody specific for PLA2 was added
to microELISA plate well and incubated for 60
minutes at 37°C and then the free components
were washed away. Chromogen solution A&B
was added to each well, then, was incubated for
15 minutes at 37°C. Only those wells that contain
PLA2 and HRP conjugated PLA2 antibody
appeared as blue color and then turned into yellow
after the addition of the stop solution. The OD, was
measured spectrophotometrically at a wavelength
of 450 nm, was proportional to the PLA2 levels
in the serum samples. The levels of PLA2 ranged
from 6.25- 200 ng/ml for serum. The sensitivity of
the test was 1.0 ng/ml.

Serum anti-thyroid peroxidase

Serum anti-TPO levels were measured
using the human anti-TPO ELISA Kit for Germany
company (Aesku- catalogue number: 3401) with a
reference rang from (<40 IU/ml) using Sandwich
enzyme immunoassay-ELISA method. The
Microelisa strip plate provided in this kit has been
pre-coated with an antibody specific to anti-TPO.
Standards or samples are added to the appropriate
Microelisa strip plate wells and combined to the
specific antibody. Then, a Horseradish Peroxidase-
conjugated antibody specific for anti-TPO was
added to Microelisa strip plate well and incubated
for 30 minutes at room temperature and then
the free components were washed away. The
Conjugate was added to each well and incubated
for 30 minutes at room temperature then the free
components were washed away.

The TMB substrate solution was added
to each well incubate for 30 minutes at room
temperature. Only those wells that contain anti-
TPO and HRP conjugated anti-TPO antibody
appeared blue in color and then turned yellow
after the addition of the stop solution Incubate
5 minutes minimum. The OD, was measured
spectrophotometrically at a wavelength of 450
nm, was proportional to the anti-TPO levels in the
serum samples. The levels of anti-TPO ranged from
0-3000 IU/ml for serum. The sensitivity of the test
was 10 [U/ml.

Serum high sensitivity C-Reactive Protein

Serum High Sensitivity C-Reactive
protein ELISA Kit for USA company (Monobind
- catalogue number:3125-300) with a reference
rang from (< 3 ig/ml) was used. This kit is used
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to measure hs-CRP levels in different types of
samples including: human serum, and plasma.
This kit is based on Sandwich assay ELISA type.
MicroELISA plate provided in this kit has been
pre-coated with an antibody specific to hs-CRP.
Standards or samples were added to the appropriate
wells of microELISA plate and combined with
the specific antibody. A Horseradish Peroxidase
(HRP)-conjugated antibody specific for hs-CRP
was added to each microELISA plate well and
incubated for 15 minutes at room temperature.
After incubation, the free components were washed
away.

TMB and hydrogen peroxide (H202)
solution substrate was added to each well and
incubated for 15 minutes at room temperature.
Only those wells that contain hs-CRP and HRP
conjugated-hs-CRP antibodies were appeared as
blue in color and then turned into yellow after
the addition of the stop solution. The OD was
measured spectrophotometrically using ELISA
reader at a wavelength of 450 nm. The OD value
is proportional to the concentration of hs-CRP.
The concentration of hs-CRP in the samples was
calculated by comparing the OD of the samples
to the standard curve. The sensitivity of the test is
0.014 ig/ml.

Statistical analysis

SPSS V.22 was used for data analysis,
including Chi-square tests for demographic and
clinical parameters, and independent t-tests for
quantitative data with significance at p < 0.05.
The study also investigated correlations between
thyroid markers and cardiovascular risk factors
using Pearson’s correlations in univariate linear
regression analysis.

RESULTS

Frequency of abnormal values of clinical
parameters in patients and healthy subjects
The study included 90 female participants
aged 20 to 50, divided into a patient group
(n = 50) and a healthy subjects group (n =
40) matched for age and inclusion criteria
(table 1). Hypothyroidism patients exhibited
a significantly higher frequency of decreased
FT4 levels (***p=0.0001) and increased anti-
TPO levels (***p=0.0001) compared to healthy
individuals (figure 1). Additionally, hypothyroidism
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patients showed a higher prevalence of abnormal
LDL cholesterol (***p=0.001), HDL levels
(**p=0.040), and elevated hs-CRP (**p=0.005),
indicating an association with cardiovascular and
hypothyroidism risk factors (figure 2).

Clinical and laboratory characteristics

Table 2 summarizes the clinical and
laboratory characteristics of both hypothyroidism
patients and healthy individuals. The mean age
showed no significant difference between the
two groups. However, hypothyroidism patients
exhibited significantly higher levels of hs-
CRP (1.27 £ 0.94 vs. 0.04 £+ 0.02, p<0.0001),
phospholipase-A2 (57.28 +21.96 vs. 47.15+12.92,
p=0.012), and anti-TPO (103.51 + 91.80 vs. 30.32
+ 15.14, p<0.001) compared to the healthy subjects.

Furthermore, hypothyroidism patients
displayed significantly elevated TSH levels (7.09 +
2.81vs.2.06+0.81, p<0.001) and lower FT4 levels
(9.41 £4.68 vs. 16.19 +2.52, p<0.001) compared
to the healthy group.

Regarding lipid profiles, hypothyroidism
patients had higher mean levels of serum total
cholesterol (207.84 + 49.78 vs. 168.11 + 47.27,
p=0.0001) and LDL (137.51 + 49.52 vs. 94.05 +
41.62, p=0.0001) compared to the healthy group.
However, there were no statistical differences
in serum HDL and triglyceride concentrations
between the two groups (p=0.26 and p=0.183,
respectively).

Correlations of age with different parameters
in hypothyroidism patients and healthy subjects

Table 3 illustrates the correlation between
age and various health parameters in both healthy
subjects and hypothyroidism patients. Among
healthy subjects, age showed no significant
correlation with thyroid parameters (TSH, anti-
TPO) and cardiovascular markers (PLA2, LDL,
HDL). However, a significant positive correlation
was observed between age and hs-CRP (r=-0.307,
P=0.030), while a significant negative correlation
was found with FT4 (r=-0.335, P=0.017).

In contrast, among hypothyroidism

patients, there was no statistical correlation
between age and TSH, PLA2, LDL, HDL, and
anti-TPO.
Correlation between thyroid function
biomarkers and cardiovascular risk factors in
Hashimoto’s patients

Table 4 presents the correlation analysis
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results for various parameters. PLA2 demonstrates
a moderate positive and significant correlation
with TSH (r = 0.461, p=0.001), but no significant
correlation is observed with FT4 and anti-TPO.
Both LDL and HDL do not show significant
correlations with thyroid gland function tests (FT4,
TSH, anti-TPO).

Furthermore, hs-CRP exhibits a positive
and significant correlation with anti-TPO (r=
0.352, p=0.012), while hs-CRP shows a negative
and significant correlation with FT4. However, no
significant correlation is observed between hs-CRP
and TSH.
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DISCUSSION

Hashimoto’s thyroiditis, an autoimmune
thyroid disease characterized by thyroid volume
increase, parenchymal lymphocyte infiltration, and
antibodies against thyroid antigens, has become
the most prevalent disorder in thyroid gland
dysfunction. Patients with Hashimoto’s thyroiditis
(HT) are more prone to cardiovascular disease
and malignant neoplasms. Our unique study,
focusing specifically on non-pregnant women
with hypothyroidism (mean age 32.1 years), aligns

Table 1. Frequency of high-risk levels of thyroid gland abnormalities in the two groups of study hypothyroidism
patients and healthy individuals

Parameter Healthy Hypothyroidism P.value Chi-Square
subjects patients

FT4 (pmol/L) Normal 39 (97.5%) 17 (34.0%) 0.0001%** 38.120
High risk, < 12 1(2.5%) 33 (66.0%)

Anti-TPO (IU/ml) Normal 33 (82.5%) 14 (28.0%) 0.0001*** 26.454
High risk, > 40 7 (17.5%) 36 (72.0%)

hs-CRP (ig/ml) Low risk, d” 3 38 (95.0%) 36 (72.0%) 0.005%* 8.042
High risk, > 3 2 (5.0%) 14 (28.0%)

LDL (mg/dl) Normal 25 (62.5%) 14 (28.0%) 0.001%** 10.771
High risk,>100 15 (37.5%) 36 (72.0%)

HDL (mg/dl) Normal 30 (75.0%) 27 (54.0%) 0.040%* 4.220

High risk, < 45 10 (25.0%)

23 (46.0%)

*For Significant P-values

HEnormal
B> 40 U/ml

40

Count

Healthy Controls

Hypothyrodism Patients

Fig. 1. Frequency of normal and increased anti-TPO
levels in both healthy subjects and hypothyroidism
patients.

5071 W Low risk, < 3 (pg/ml)
EHigh risk, > 3 (pg/ml)
40+
o 307
c
3
o
(&)
20+
10

Healthy Controls Hypothyrodism Patients

Fig. 2. Frequency of normal and increased hs-CRP
levels in both healthy subjects and hypothyroidism
patients.
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with demographic data from the HT community,
emphasizing the distinctiveness of our study group.
Notably, the prevalence of Hashimoto’s thyroiditis
is higher in women than in males %, and females

are more likely to experience autoimmune thyroid

disease (AITD) and hypothyroidism '>-'°.
Diagnosis of Hashimoto’s thyroiditis

involves clinical symptoms and laboratory results,

Table 2. Comparison of laboratory data between Hypothyroidism patients and healthy subjects

Parameter Healthy subjects Hypothyroidism patients P-value
(No=36) (No=44)
Anti-TPO (IU/ml) 30.32+15.14 103.51 £91.80 <0.001m**
TSH (mIU/L) 2.06 +0.81 7.09 +2.81 <0.001m**
FT4 (pmol/L) 16.19 £2.52 9.41 +£4.68 <0.001m**
PLA2 (ng/ml) 47.15£12.92 57.28 £21.96 0.012m
Hs-CRP (ig/ml) 0.04 +0.02 1.27+0.94 <0.001m**
LDL (mg/dl) 94.05 + 41.62 137.51 £49.52 <0.001**m
HDL (mg/dl) 52.77 +12.16 49.15 £ 16.67 0.26
TG (mg/dl) 98.36 +41.70 113.90 £ 61.25 0.18
TC (mg/dl) 168.11+47.27 207.84 £49.78 <0.001m
LDL-HDL 1.90+0.97 3.13+1.62 <0.00Im

TC; total cholesterol, TG; triglycerides, PLA2; phospholipase A2, TSH; thyroid stimulating
hormone, HDL; high-density lipoprotein cholesterol, LDL; low-density lipoprotein cholesterol,
hs-CRP; high sensitivity C-reactive protein, anti-TPO; anti-thyroid peroxidase, T4; thyroxine, *;
significantly p-value.

Table 3. Correlations of age with different parameters in non-pregnant women
with hypothyroidism and healthy subjects

Parameters Healthy subjects Hypothyroidism patients
Correlation P value Correlation P value
Coefficient (r) Coefficient (r)
Age vs FT4 0.109 0.504 -0.335 0.017
Age vs TSH 0.184 0.256 0.145 0.314
Age vs Anti-TPO 0.100 0.541 -0.017 0.906
Age vs Phospholipase A2 0.175 0.280 0.009 0.950
Age vs Hs-CRP -0.146 0.370 0.307 0.030
Age vs LDL 0.017 0.919 -0.044 0.762
Age vs HDL -0.271 0.091 -0.060 0.678

Table 4. Correlation analysis between thyroid function biomarkers and cardiovascular risk factors

Cardiovascular Thyroid markers
parameter FT4 TSH Anti-TPO
Correlation P-value Correlation P-value Correlation P-value
Coefficient (1) Coefficient (r) Cocfficient (r)

PLA2 -0.032 0.823 0.461 0.001 0.147 0.308
hs-CRP -0.304 0.032 0.242 0.090 0.352 0.012
LDL -0.168 0.244 0.190 0.186 0.176 0.223
HDL 0.084 0.564 0214 0.136 -0.047 0.745
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including high TSH levels with normal to low
thyroxine levels. Despite limited evidence that
anti-thyroid peroxidase antibodies (anti-TPO)
contribute to autoimmune thyroid disease onset,
anti-TPO antibody treatments aid in complement
function recovery. Our study underscores the
importance of using anti-TPO as a first-tier test
in conjunction with TSH and FT4 to prevent
overlooking individuals with normal TSH but
increased autoantibodies. Additionally, we
explore the association between Hashimoto’s and
cardiac markers such as PLA2, hs-CRP, and lipid
profile, aiming to identify potential cost-effective
strategies for long-term conditions like thyroid
cancer and cardiovascular disease prevalent in
women of childbearing age. Our findings reveal
increased TSH levels and low thyroxine levels in
Hashimoto’s disease, consistent with prior research
17, emphasizing the endothelium’s sensitivity to
thyroid hormone action '8

TSH levels serve as useful indicators
of cardiovascular disease (CVD) in hypothyroid
patients '°. Our study aligns with others, showing
an increased cardiovascular risk in hypothyroidism
with higher TSH levels %. Notably, our research
supports the significant increase in anti-TPO levels
in Hashimoto’s patients, consistent with prior
studies °.

Demographic variations include higher
TSH levels and antithyroid antibodies in females,
influenced by age and higher in whites and Mexican
Americans compared to blacks ?'. Increased
circulating thyroid autoantibodies are linked to an
atherogenic lipid profile, with the potential link
between autoimmune thyroiditis and dyslipidemia
leading to heart disease **.

Lipoprotein-associated phospholipase A2
(PLA2)is implicated in atherosclerosis progression
by promoting cholesterol migration into arterial
plaques. Clinical studies confirm increased PLA2
activity as a risk factor for cardiovascular disease .
Our study identifies PLA2 as a potential predictor
of cardiovascular disease risk. Elevated PLA2
levels, produced by inflammatory cells and linked
to cardiovascular disease risk *°, theoretically
induce atherogenesis by impairing endothelial
function through inflammation, lipid abnormalities,
oxidative stress, and blood pressure *.

Increased hs-CRP levels, consistent with
previous reports ¥, highlight the importance of
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assessing inflammatory status in cardiovascular
risk stratification. However, our study found no
significant difference in hs-CRP levels between
subclinical hypothyroidism patients and the healthy
subjects group.

The study supports the link between
hypothyroidism and dyslipidemia, with patients
exhibiting hyperlipidemia and high cholesterol
levels 2. However, conflicting evidence exists
regarding the association between hypothyroidism
and atherosclerosis risk *. HDL reduction in
Hashimoto’s disease, consistent with earlier
findings, and its negative correlation with anti-TPO
levels underscore the link between autoimmunity
and lipid profile 2

Positive correlations between TSH and
cardiovascular risk markers, including PLA2-ITA
and TG, support the concept that hypothyroidism
increases the risk of atherosclerosis *. The study
confirms the link between hypothyroidism and
inflammation, with significantly higher levels of
PLA2-IIA and hs-CRP in the hypothyroidism group
compared to the healthy subjects group. Previous
research supports the correlation between Lp-
PLA2, hs-CRP levels, and cardiovascular risk 4.

Strong evidence indicates that
hypothyroidism raises cardiovascular disease and
atherosclerosis risk by increasing LDL levels *'.
Premenopausal women with hypothyroidism are
more susceptible to cardiovascular disease than
those with normal thyroid function *%. The study
emphasizes the impact of autoimmune disease on
the lipid profile, supporting the positive association
between PLA2 and TSH, higher levels of LDL,
cholesterol, and hs-CRP in Hashimoto’s disease
patients, suggesting an increased risk of heart
disease *.

In conclusion, our findings in Hashimoto’s
patients reveal significant correlations between
thyroid disease, thyroid autoimmunity, PLA2,
lipid profile, and hs-CRP, suggesting an elevated
cardiovascular risk in adult non-pregnant women
with Hashimoto’s thyroiditis. Anti-thyroid
peroxidase antibody positivity is more common
in this population compared to healthy subjects.
The study establishes an association between
Hashimoto’s disease and increased cardiovascular
risk markers, specifically PLA2 and hs-CRP levels.
This research contributes to the understanding of
biochemical parameters in Hashimoto’s disease,
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especially in the context of Jordan, emphasizing
the importance of comprehensive assessments for
cardiovascular risk in this patient population.
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