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Abstract

Background: Fatty acid-binding protein 4 (FABP4) moves lipids inside cells. Fetuin-A is a liver-derived
glycoprotein that prevents vascular calcification. Recent studies link higher serum levels of both proteins to
metabolic syndrome, suggesting a risk for metabolic issues. Objectives: To explore the roles of FABP4 and Fetuin-
A as biomarkers in thyroid diseases. The outcomes of this research have important ramifications for both prevention
and treatment methods. Approach: Methods: For this specific research, a case-control study methodology was
employed, comprising a newly diagnosed 120 thyroid disease patients. 30 healthy controls were age- and gender-
matched to these patients. Using the enzyme-linked immunosorbent assay (ELISA) method, fetuin-A and FABP4
concentrations were assessed. Results: Individuals with thyroid diseases showed significantly elevated levels of
both biomarkers compared to the healthy control group (p<0.001). This observation was significant in terms of its
sensitivity and specificity. Additionally, a solid correlation between FABP4 and fetuin-A was found, with a
correlation coefficient of r=0.8199 and a significance of p=0.000. Conclusions: Based on these findings, FABP4
and fetuin-A may be crucial in metabolic irregularities linked to thyroid dysfunction.
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INTRODUCTION fetuin-A and FABP4 signify the interplay among

L adipose tissue, liver, and endocrine functions [1].
Adipokines are a large group of molecules expressed Beyond the influencing regular growth, maturation,

by ad_ipose tissue. Molepules Ii_ke fetuin-A are bl_ood and reproduction, thyroid hormones critically
proteins that are made in the liver and secreted into modulate energy use and the structure of the body
the bloodstream.  Hepatocytes are crucial  in [2]. Peretianu’s global research indicates that midlife

metabolism. ~ Thyroid hormones affect adipose often witnesses a surge in thyroid issues, such as
tissue’s metabolic responses. Fatty acid binding hyperthyroidism, hypothyroidism, thyroiditis, goiter,
protein 4 (FABP4) is a cytoplasmic fatty acid thyroid nodules, and even thyroid cancer [3]. A range
chaperone expressed primarily in adipocytes and of adipokines, including progranulin, monocyte

myeloid cells and implicated in the development of

AR - - chemoattractant  protein-1 ~ (MCP-1),  resistin,
insulin resistance and atherosclerosis. Key players of

chemerin, leptin, and FABP4, along with liver
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proteins like fibroblast growth factor 21 (FGF21),
growth differentiation factor 15 (GDF15)
(mesencephalic astrocyte-derived neurotrophic factor
(MANF)), and fetuin-A, associated with obesity-
triggered concerns like dyslipidemia, metabolic
imbalance, type 2 diabetes, and atherosclerosis risks
[4]. There is mounting evidence positioning fetuin-A
and FABP4 as potential indicators for heart-related
issues and type 2 diabetes [5]. In addition, fetuin-A,
an esteemed protein emanating from the liver's
intricate laboratories, acts as a vigilant sentinel,
warding off the undesirable accretion of calcium
within the arterial conduits. By engaging with serum
calcium and phosphorus, it enhances their solubility,
preventing the formation of calcium crystals [6]. It is
of utmost importance to note that attenuated
concentrations of fetuin-A bear a poignant
association with cardiovascular difficulties and the
general specter of mortality in those suffering from
end-stage renal disease (ESRD) [7]. Interestingly,
elevated levels of fetuin-A signal hepatosteatosis and
insulin resistance [8]. Additionally, fetuin-A acts as a
forecasting biomarker for emerging type 2 diabetes,
evidenced by the EPIC (Eukaryotic Pathogens
Innovation Center) study where its levels forecasted
the condition’s onset over seven years [9]. Fatty acid
binding protein 4, illustriously recognized as
adipocyte FABP or the eminent adipocyte protein 2,
reigns with distinction within adipocytes. However,
endothelial cells and macrophages also produce
significant amounts of FABP4. Functioning as a lipid
chaperone, FABP4 modifies cell membranes and
assists in transporting fatty acids intracellularly [10].
Recent findings associate FABP4 with diabetes and
cardiovascular ailments. In individuals with
metabolic syndrome, obesity, hypertension, and
habits like smoking, aerobics, and alcohol intake, and
conditions including dyslipidemia, cardiac issues,
gestational diabetes, both types of diabetes, and renal
failure, elevated blood FABP4 levels were observed
[11]. Yet, the metabolic irregularities in thyroid
disorders are only partially understood [12]. Proteins
such as adipokines and hepatokines are considered
bridges between thyroid function and metabolism,
with FABP4 being extensively researched and fetuin-
A also playing a role. However, the relationship of
plasma fetuin-A and FABP4 levels to thyroid
diseases remains ambiguous. Consequently, this
study aims to elucidate the intricate relationship
between thyroid functions and metabolic processes.
While proteins like adipokines and hepatokines serve
as connectors between these realms, the roles of
FABP4 and fetuin-A have generated significant
attention. The primary objectives are to discern the
correlation between serum levels of FABP4 and
fetuin-A and their relation to various thyroid
conditions. Through this exploration, | hope to shed
light on these biomarkers’ significance, providing
clarity to the currently ambiguous connections they
have with thyroid disorders.

METHODS

Design of study
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Between the temporal bounds of November 2022 and
March 2023, this case-control inquiry was
judiciously executed within the hallowed confines of
the Specialized Center for Endocrinology and
Diabetes, Baghdad, Irag. The research involved a
total of 150 participants divided into two groups.
Thirty individuals, assessed to be in optimal health,
comprised the control group. The other 120,
diagnosed by expert consultant endocrinologists and
corroborated with laboratory tests, had various
thyroid-related  conditions, including  cancer,
hypothyroidism, hyperthyroidism, and goiter. They
were also on a stable medication regimen for a
certain period before sample collection. Exclusion
criteria included pregnancy, acute illness or
inflammatory conditions, a history of other endocrine
disorders, or previous thyroid surgeries.

Specimen collection, processing and assessments

For both FABP4 and fetuin-A measurements,
disposable syringes were used to draw five milliliters
of blood from each participant into gel disposable
tubes. FABP4 Quantification: After collection, the
whole blood was refrigerated at 4°C overnight. The
following day, it was centrifuged for 10 minutes at
speeds of 3000 rpm to separate the serum. This
serum supernatant was either tested immediately or
stored at -20°C for up to three months (if applicable).
For the quantification of FABP4, we utilized the
Human Fatty Acid Binding Protein (FBAP)
sandwich ELISA Kit (My BioSource-USA, Cat No.
MBS268011) [11]  following  manufacturer
instructions. This kit is carefully made for accurately
measuring levels of FABP in human serum, plasma,
or cell culture fluid. It works well for both naturally
occurring and man-made FABP. Fetuin-A
Quantification: The whole blood sample was either
left at room temperature for 2 hours or refrigerated at
2-8°C overnight for serum preparation. After this, the
sample was centrifuged for 20 minutes at
approximately 1000xg, separating the supernatant,
which was then immediately subjected to the assay.
For this quantification, we employed the Human
Fetuin-A sandwich ELISA Kit (My BioSource-USA,
Cat No. MBS763509), suitable for quantitative
detection of fetuin-A in serum, plasma, tissue
homogenates, and other biological fluids [12]. Serum
levels of TSH, T4, and T3 were assessed using AlA-
PACK test cups. For TSH, a two-site
immunoenzymometric assay was employed, while
T4 levels were gauged through a competitive
immunoassay. The T3 assessment followed a
methodology consistent with the T4 procedure [12].
The Body Mass Index (BMI) was assessed using a
specific formula derived from an individual's height
and weight measurements.

Ethical consideration

The Iragi Ministry of Health/Department of Medical
Teaching City bestowed ethical sanction for this
investigation, as manifested in their letter dated
December 4, 2022, bearing the reference number
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51158. Each participant, with full volition, rendered
verbal affirmation to be a part of this study.

Statistical analysis

The SPSS-26 software (Statistical Packages for
Social Sciences-version 25) was the chosen
instrument for our data dissection, eloquently
rendering data in terms of mean, SD, and percentage.
We summoned Pearson correlation to elucidate the
intricate relationships amongst groups, while the
venerable independent sample t-test was tasked to
probe the quantitative associations. A p-value, when
it gracefully descends below 0.05, was deemed to

Table 1: The basic characteristics of the research population.
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bear statistical import. The esteemed ROC
benchmarks [13] served as a guide for the delineation
of cut-off values.

RESULTS

In Table 1, the basic characteristics of the research
population are delineated by thyroid condition. The
age (in years) for those with hypothyroidism,
hyperthyroidism, thyroid cancer, thyroid goiter, and
the control group was 41.17£13.03, 45.73+11.81,
45.83+12.29, 41.17413.03, and 38.10+8.16,
respectively. The p-value for age was 0.52,
indicating no significant difference across the groups.

Variables Hypothyroidism Hyperthyroidism Thyroid Cancer Thyroid Goiter Control p-value (ANOVA)
Age (year) 41.17+13.03 45.73+11.81 45.83+12.29 41.17+13.03 38.10+8.16 0.52
BMI (kg/m?) 31.48 £5.12 2417+ 2.69 29.08+4.89 29.17+37.01 22.84+1.86 0.00
Total 30 30 30 30

Values were expressed as mean+SD.

Concerning Body Mass Index (BMI), the mean
values were 31.48+5.12 for hypothyroidism,
24.17+2.69 for hyperthyroidism, 29.08+4.89 for
different stages of thyroid cancer, 29.17+37.01 for
thyroid goiter (hypo- and hyperthyroidism), and
22.84+1.86 for the control group. The BMI showed a
significant difference with a p-value of 0.000. Table

Table 2: Serum level of FABP4 according to studied groups

2 presents the serum levels of FABP4 across the
studied groups. In comparison to the control group
(9.9615.34), patients with hyperthyroidism and
hypothyroidism exhibited notably elevated mean
concentrations of serum FABP4, registering values
of 2231+2.73 ng/ml and 21.41+2.66 ng/ml,
respectively.

Hyperthyroidism Hypothyroidism

Thyroid Cancer  Thyroid Goiter Control

p-value (ANOVA)

FABP4 (ng/ml) 22.31+2.73 21.41+2.66
p-value Bonferroni test 0.949

32.54+5.68 15.20+6.28 9.96+5.34 0.001

0.0001 0.0001

In contrast, the mean concentrations for thyroid
cancer and thyroid goiter were 32.54+5.68 ng/ml and
15.20+6.28 ng/ml, respectively. Statistical analysis
revealed pronounced differences in serum FABP4
concentrations between the control group and the
patients with the specified conditions, with a
significance level of p < 0.001. Notably, the study
established that elevated serum FABP4 levels were
prevalent in patients with  hyperthyroidism,

hypothyroidism, thyroid cancer, and thyroid goiter,
suggesting a marked influence on thyroid
functionality. In Table 3, the diagnostic performance
of FABP-4 in thyroid patients was assessed. For a
cut-off point of 17.6 ng/ml, FABP-4 demonstrated a
sensitivity of 100% and a specificity of 97%. The
area under the receiver operating characteristic
(AUROC) was found to be 1, indicating perfect
diagnostic accuracy.

Table 3: Estimation of FABP-4 threshold, sensitivity, specificity and AUROC in thyroid patients

Parameters Cut-off points
FABP-4 (ng/ml) 17.6
The p-value associated with these findings was less
than 0.000, signifying high statistical significance (p
< 0.05). Table 4 presents the levels of Fetuin-A
across different groups. The mean concentration of
Fetuin-A for the hyperthyroidism group was

Sensitivity (%)

Specificity (%) AUROC p-value
97 1.0 0.000
1.19+0.57 ng/ml, while for hypothyroidism it was
14.32+2.61 ng/ml. For those with thyroid cancer and
thyroid goiter, the levels were 19.35+5.53 ng/ml and
11.85+2.30 ng/ml, respectively. In contrast, the
control group had a mean concentration of 5.97+1.90
ng/ml.

Table 4: Comparative Analysis of serum fetuin-A levels among the investigated groups.

Hyperthyroidism

Fetuin-A (ng/ml) 1.19 £0.57 14.324+2.61
p-value (pot hoc) 0.0001

Hypothyroidism

The analysis revealed that the mean serum
concentrations of fetuin-A in patients with
hyperthyroidism  and  hypothyroidism  were
significantly  different. ~ Similarly,  significant
differences were noted between the levels in the
thyroid cancer and thyroid Goiter groups. Notably,
the serum levels of fetuin-A in patients with thyroid

. . . p-value
Thyroid Cancer Thyroid Goiter Control (ANOVA)
19.35+£5.53 11.85+2.3 5.97+1.9 0.000

0.0001 0.0001

disorders were markedly higher than in the healthy
control group, with a significance level of p < 0.001.
Table 5 demonstrates the diagnostic performance of
Fetuin A in distinguishing thyroid disease. With a
cut-off value of 8.5 ng/ml, Fetuin A achieved an
AUROC of 1.0 (p = 0.000), reflecting a sensitivity of
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100% and a specificity of 96.97% for thyroid disease
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diagnosis.

Table 5: Estimation of fetuin-A threshold, sensitivity, specificity and AUROC in thyroid patients

Parameters Cut-off points

Sensitivity
(%)

Specificity

%) AUROC p-value

Fetuin A (ng/ml) 8.5 100

96.97% 1 0.000

In Table 6, no significant correlation was observed
between the specific parameter under study and
thyroid hormones. Significantly, a correlation
coefficient of r=0.8199 (p=0.000) demonstrated an
emphatic positive association between Fetuin-A and
FABP. In a parallel vein, T3 and T4 also

demonstrated a positive relationship, reflected in a
correlation coefficient of r=0.7904 (p=0.000). In
stark contrast, TSH showcased an inverse
relationship with both T3 and T4, substantiated by
correlation coefficients of r=-0.5889 (p = 0.000) and
r=-0.6203 (p = 0.000), respectively.

Table 6: Pearson correlation coefficients between thyroid disease research parameters and thyroid hormones

Parameter Pearson correlation T3 T4 TSH FABP-4
r 0.79
T4 p-value 0.00
r -0.59 -0.620
TSH p-value 0.0006 0.0003
r -0.256 -0.118 0.072
FABP-4 p-value 0172 0.536 0.705
Fetuin A r -0.245 -0.221 0.202 0.8199
p-value 0.1921 0.2397 0.2849 0.0000
DISCUSSION may be linked to its effect on bone health. This is

The thyroid gland plays a pivotal role in
thermogenesis, sustaining basal metabolic rates, and
managing lipid and carbohydrate metabolism, as well
as influencing food consumption [1]. When thyroid
function is compromised, the risk of metabolic
conditions like hypertension, obesity, type 2 diabetes,
and cardiovascular issues rises, potentially reducing
life expectancy [4]. Variations in thyroid hormone
levels have been observed in conditions such as
thyroid disorders, dyslipidemia, glucose intolerance,
and obesity. Thyroid dysfunction brings about a
range of metabolic changes. A crucial aspect of
metabolism is the signaling interplay between the
thyroid and tissues central to energy balance. In
conjunction with thyroid hormones, cytokines—Ilike
adipokines from adipose tissue and hepatocytes from
the liver—aid in facilitating communication among
various tissues. High levels of fetuin-A are connected
to the beginning of insulin resistance because they
affect an inhibitor of insulin receptor tyrosine kinase.
Additionally, fetuin-A is frequently viewed as a key
indicator ~ for  conditions  like  subclinical
atherosclerosis, dyslipidemia, and obesity [15]. In
this study, we observed a significant elevation in
levels of fetuin-A in patients when compared to the
control group. This finding aligns with results from
studies by Pamuk et al. [16] and Ammar et al. [17].
Such outcomes underscore fetuin-A's potential as a
marker for components of the metabolic syndrome,
as indicated in a recent meta-analysis [18]. Bakiner et
al. published findings that a marked reduction in
plasma fetuin-A levels in hypothyroidism cases, with
levels being 20% less than the control group
(p=0.0001) [19]. Bakiner and others found that
people with thyroid problems have higher levels of
fetuin-A. They also discovered that as the level of
TSH in the blood increases, the level of fetuin-A
decreases. However, in this study, we did not find a
relationship between fetuin-A and thyroid hormones.
The increase in fetuin-A levels in hyperthyroidism

because a lack of fetuin-A can led to calcium buildup
in soft tissues, and hyperthyroidism speeds up the
process of bone turnover. It is believed that free fatty
acids drive the elevated expression of fetuin-A,
which draws macrophages to adipose tissue. Once
there, they transition to the pro-inflammatory M1
subtype,  further  exacerbating  inflammatory
responses [20]. Thyroid hormones collaborate with
fetuin-A to prevent the calcification of soft tissues.
Physiological levels of T3, acting via thyroid
hormone nuclear receptors, have been demonstrated
to enhance Matrix gla protein (MGP) are vitamin-K
dependent proteins that bind calcium in their y-
carboxylated versions in mammals)expression in
Vascular smooth muscle cells (VSMC), offering
protection against vascular calcification [21].
Meanwhile, fetuin-A and thyroid hormones appear to
jointly regulate insulin sensitivity through shared
pathways. Recent studies have also suggested that
thyroid hormones directly influence fetuin-A
expression. Alterations in thyroid status affect by
regulating protein production in the liver and
modulating RNA  polymerase activity [22].
Interestingly, hyperthyroidism was characterized by
an augmented protein synthesis, while its
hypothyroid  counterpart  exhibited diminished
synthesis. A study conducted in vitro on a liver cell
line underscored the stimulatory impact of T3 on
fetuin-A expression. Delving deeper into the
molecular dynamics, T3's affinity to bind with
thyroid receptor al emerges as pivotal, steering the
regulation of a panoply of proteins, prominently
featuring fetuin-A, by interacting with gene promoter
territories  [23]. In  hypophysectomized rats,
administration of T3 led to a rise in serum fetuin-A
levels, reinforcing this notion. On the other hand, a
study involving patients being tested for thyroid
cancer recurrence found that using recombinant
human TSH did not change the levels of serum
fetuin-A. In numerous clinical explorations, as
expounded in  subsequent  segments, the
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concentration of fetuin-A appears to be intricately
entwined with TSH. The hypothesis suggests that
TSH might not have a direct impact on fetuin-A
levels. It could mean that a constant low or high
thyroid hormone level affects fetuin-A levels,
possibly through ways related to T3. The health of
the cardiovascular system is closely intertwined with
thyroid functionality. Individuals with either
manifest or latent hypothyroidism face an elevated
risk of developing and exacerbating cardiovascular
conditions [25]. Treatment of hyperthyroidism led to
a notable reduction in fetuin-A concentrations. As
the levels of thyroid hormones normalized, there was
a corresponding decline in fetuin-A levels. A
profound interrelation emerged between thyroid
hormones and fetuin-A concentrations. Research
shows that high levels of fetuin-A are often
connected to hyperthyroidism, likely because it plays
an important role in bone metabolism. Even though
TSH concentrations might not have a direct effect on
fetuin-A, they could signify an extended state of
hyper- or hypothyroidism, with factors like T3
potentially modulating fetuin-A levels. Fetuin-A is
involved in several important body functions,
including inflammation, fat and protein metabolism,
bone health, and the balance of calcium. FABP-4 has
been identified as potentially beneficial in addressing
thyroid complications [30], a finding that aligns with
current results. Numerous studies have underscored a
significant  association between FABP4 and
conditions like cardiovascular diseases and diabetes.
Elevated levels of circulating FABP4 have been
documented in humans with metabolic syndrome,
obesity, insulin resistance, gestational diabetes, as
well as type 1 and type 2 diabetes [28]. There's also
evidence suggesting that lipotoxicity can adversely
impact the thyroid gland, leading to hypothyroidism
[31]. Increased levels of circulating FABP4 have also
been linked to conditions such as hypertension,
dyslipidemia, renal failure, and myocardial
dysfunction [30]. It is plausible that thyroid
hormones play a role in regulating FABP-4
expression in adipose tissue. However, while both
animal and human studies have reported variations in
FABP-4 levels in the context of thyroid dysfunction,
a consensus on these findings remains elusive [31].
FABP4 has been distinguished as a linchpin in the
genesis of atherosclerosis. This is because it can help
create foam cells, encourage macrophages to absorb
free fatty acids, and cause inflammation, which leads
to weakened function of the blood vessel lining.
Another study revealed that patients with
hypothyroidism exhibited notably elevated levels of
inflammatory myofibroblastic tumor (IMT) and TSH
in comparison to their healthy counterparts. This
research also indicated that FABP4 concentrations
were more pronounced in individuals with
hypothyroidism and exhibited a positive correlation
with TSH levels [33]. Interestingly, the level of
FABP4 was associated with measures used to assess
how the body responds to thyroid hormones, like the
thyroid-stimulating hormone index (TSHI) and the
ratio of T3 to T4 hormones. Elevated FABP4 levels
were indicative of diminished sensitivity as observed
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in these metrics [34]. Preclinical explorations have
extolled the notion of zeroing in on FABP4 for the
mitigation of metabolic maladies. Yet, the arcane
conduits through which FABP4 might sway thyroid
hormone responsiveness remain largely ensconced in
mystery [35]. To specifically target FABP4,
numerous small molecule inhibitors and antibodies
have been developed [36]. A recent study by Prentice
et al. suggested a potential connection between
FABP4 and thyroid hormone sensitivity. The study
examined euthyroid individuals and observed that
elevated levels of FABP4 were associated with
reduced thyroid hormone sensitivity. This was
evident from indicators such as the quantile-based
index for thyroid feedback, TSHI, and the T3/T4
ratio, which were employed to assess both central
and peripheral responses to thyroid hormones [36].
Nie et al's research highlighted potential
interconnections between health disorders like
metabolic syndrome, non-alcoholic fatty liver
disease, diabetes, hypertension, and heightened
sensitivity to thyroid hormones. Intriguingly, patients
diagnosed with hyperthyroidism exhibited raised
FABP4 concentrations compared to those with
regular thyroid functionality; however, these elevated
levels normalized post-treatment [37]. Similarly,
both overt and subclinical hypothyroid patients had
greater FABP4 concentrations than their healthy
counterparts. Associations were discerned between
FABP4 levels and T3, T4, or TSH readings [38].
Additionally, it's suggested that FABPs may affect
the internal processes related to the production of
thyroid hormones and the functioning of T3 and T4
receptors, which could improve their signaling. This
lends credence to the theory that FABPs might
indirectly influence the onset and advancement of
hyperthyroidism [39].

Conclusions

This study found a substantial link between
circulating levels of FABP4, fetuin-A, and thyroid
dysfunction groups, highlighting their possible
relevance in metabolic abnormalities associated with
thyroid problems. These findings are critical for the
development of preventative and therapeutic
strategies that address metabolic abnormalities in
thyroid disorders.
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