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Syndrome

INTRODUCTION

he corpus of research suggests that

thyroid function abnormalities impact
blood pressure (BP), body weight, and the
metabolism of lipids and glucose. These
factors are linked to a number of metabolic
markers, which could consequently result in
the onset or exacerbation of MetS
components. Thyroid hormones have an
impact on both insulin resistance and obesity,

which are strongly related to the
pathophysiology of Metabolic Syndrome
(MetS) [1].

The co-occurrence of thyroid insufficiency
and MetS may exacerbate their shared
metabolic characteristics, particularly in overt
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ABSTRACT:

Background: The metabolic syndrome and thyroid dysfunctions are
the two most prevalent endocrine illnesses, ang Hignificantly
overlap. Due to their strong associations with nutyp and
mortality, both have a huge global influence onltheeare.Insulin
resistance (IR) is a primary component of metabsljadrome
(MetS) which is a collection of disorders relatedrietabolism. The
management and maintenance of cellular energy taldepend on
thyroid hormones (TH). Both the central nervoustaysand TH's
direct connection with peripheral target organs/eseas mediating
mechanisms for these activities. Recently, theseblgen discussion
on the potential link between MetS and its constituparts ,
changes in the morphology and function of the thrgland.
Studies concentrating on TNs' risk factors are iregubecause of
the disease's significant morbidity.

Aim: To summarize recent developments in the associatio
thyroid function with metabolic syndrome (MetS).

Conclusions: Thyroid stimulating hormone, free T3, free T4, and
metabolic parameters have a complex relationshgt thay be
influenced by inflammatory markers, age, sex, BNtsulin
resistance, smoking, iodine intake, and other facto

Keywords: Thyroid; Hypothyroidism; Hyperthyroidism; Metabolic

hypothyroid states, which has a significant
influence on population health in terms of
metabolic and cardiovascular risk factors,
particularly in the elderly. Proof of low
normal thyroid function or subclinical thyroid
function is highly disputed. The relationship
between MetS/insulin resistance and thyroid
autoimmunity is also not well established at
this time because there is insufficient data,
especially in obese people [2].

One of the hypothesized reasons for MetS is
inflammation; however, there is no proof that
thyroid function directly affects inflammatory
markers, such as IL-6 and high-sensitivity C-
reactive protein (hsCRP), or that thyroid
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antibodies are associated with inflammatory
markers [3].

Metabolic syndrome and
thyroid function:

Regarding the relationship between thyroid
hormones and MetS in euthyroid people, a
number of researches present contradictory
findings, most evaluate the syndrome's
constituent parts rather than the condition as a
whole. The majority of papers first discuss
how serum levels of thyroid stimulating
hormone (TSH) are related to MetS
components, and then they concentrate on
free thyroxine, or freeT4 (FT4). Studies
examining the FT3/FT4 ratio or free
triiodothyronine levels (free T3 (FT3)) have
been relatively modest in number. However,
the majority of researches use a cross-
sectional methodology, and longitudinal
studies are required to clarify causation and
determine how variations in thyroid hormones
affect the incidence of MetS [1].

Sex impact:

Sex has a significant impact on MetS, thyroid
function, and the relationships between these
variables. Whether sex-split analysis or a
straightforward correction for sex is employed
may explain the notable variations in the
findings of various research. The various
ways that sex hormones affect thyroid
metabolism, including how estrogen affects
women's lipid profiles and TSH levels as well
as postmenopausal effects and low
testosterone levels on MetS parameters in
men, may be the cause of the gender gap. It
has also been suggested that sex differences
have a genetic foundation [4, 5].

Age impact:

In older adults, the relationship between
serum TSH and MetS may be different. It has
been observed that FT3 levels gradually
decreased with advancing age, although TSH
and FT4 levels remained rather stable.
FT3/FT4 ratios have been shown to rise in
tandem with TSH levels up to the age of 40.
After that point, though, the influence of TSH
on T3 production is said to be muted, which
could be because of decreased deiodinase
activity, the aging-related development of
TSH resistance, or a combination of these

low normal
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factors. Aging rats showed a similar
discrepancy in the TSH-FT3 relationship [6].
BMI impact:

Although the relationship between obesity
and thyroid function is still unknown,
interventional research have supported both
theories. Obesity may affect thyroid function,
while thyroid function alterations may affect
body weight. In contrast, insulin resistance in
obese people may cause compensatory
hyperinsulemia, which may lower DIO2
activity and mimic a hypothyroid state. Obese
people may have reduced gene expression of
TSH and FT3 receptors in their visceral and
subcutaneous fat as a compensatory
mechanism to deal with peripheral resistance
that results from hypertrophic alterations in
adipocytes, which raises TSH and FT3 levels

[7, 8].

According to research using direct
measurements  of body  composition
(computed tomography scan) and insulin

resistance (euglycemic clamp), obese people
have a significantly higher TSH but no
variations in FT3 or FT4. This finding points
to a possible connection between the rise in
visceral fat and the subsequent development
of insulin resistance. Because BMI is not a
reliable indicator of the distribution of fat
mass and because different people have
different body compositions, not all obese or
overweight people will necessarily be insulin
resistant, controversial findings from previous
studies may have been pertaining to the
estimation of insulin resistance and adipose
tissue via indirect approaches [9].

The influence of additional variables Even
though they have a big impact on MetS
components, alcohol use and smoking have
received less attention in this research. For
instance, alcohol intake may have a negative
effect on high density lipoprotein (HDL)
cholesterol (HDL-C), blood pressure, and
waist circumference. Smoking also may have
a deleterious effect on HDL-C levels. A
reduced iodine pool, which has not been taken
into account in most researches, may be
another reason explaining the greater ratios of
FT3/FT4 and TSH in those with less ideal
metabolic profiles [10].
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Hypothyroidism and metabolic syndrome:
Subclinical hypothyroidism (SCH) has been
linked in numerous studies to obesity,
worsening lipid profiles, elevated blood
pressure, and systemic inflammatory markers
that are similar to those seen in meta-
Syndrome (MetS). Most of these studies don't
evaluate MetS as a whole and have a cross-
sectional design. MetS patients had a
significantly higher chance of developing
SCH over a 4-year follow-up compared to
non-MetS participants, according to a single
cohort study involving 66,822 Taiwanese
individuals [11].

Regarding glycemia and insulin resistance in
thyroid dysfunction individuals, there are
disagreements. It has been documented that
overt hypothyroidism (OH) is associated with
decreased insulin sensitivity, SCH and OH
both exhibit insulin resistance, a feature that
may reach subclinical or even physiological
levels. This suggests that the lower the thyroid
hormone levels, the less sensitive tissues are

to insulin [12].

There have been reports of fasting
hyperinsulinemia in SCH patients with
reduced or normal homeostatic model

assessment for insulin resistance (HOMA-IR).
On the other hand, poor glycemic control in
individuals with type 2 diabetes may be a sign
of thyroid dysfunction. This may be due to

decreased glucose oxidation, decreased
glycogen synthesis, downregulation of
glucose  transporters, and  decreased
intracellular glucose consumption. This

suggests that diseases associated with insulin
resistance are linked to thyroid hypofunction
like MetS and cardiovascular disease (CVD),
and that these links are more pronounced in
cases of overt hypothyroidism than in cases of
subclinical or thyroid function that is below
normal. However, the conclusions regarding
MetS are more debatable [13].

Levothyroxine's positive effects on body
weight in obese persons with SCH who had
TSH levels less than 10 muU/l are not
supported by any research. The relationship
between BMI and thyroid hormones is well
known, and vice versa. Following weight loss,
there are studies showing that thyroid
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hormone levels can be returned to normal
[14].

Even in cases of moderate SCH, observational
studies also show a correlation between SCH

and elevated triglycerides, low density
lipoprotein  (LDL-C), or low-density
lipoprotein, and total cholesterol (TC).

Levothyroxine dramatically increased LDL-C
levels in SCH patients in a meta-analysis,
despite having no discernible effect on TC,
triglycerides, or HDL-C levels. Few SCH
patients reported a significant improvement in
their lipid profile, and the results on the
effects of levothyroxine medication on lipid
profiles were inconsistent [15].

There have been reports of improvements in
the metabolic abnormalities in SCH patients
after receiving LT4 therapy; however, more

clinical research is needed to assess the
impact of LT4 therapy over time on
cardiovascular and metabolic risks in

individuals with SCH, suggesting that mild
thyroid hypofunction screening and treatment
may be necessary. Overall, there is
disagreement over the risks, advantages, and
clinical significance of treatment for people
with TSH levels less than 10 muUll,
particularly in relation to metabolic
abnormalities, even though there is evidence
of a decreased CVD risk after levothyroxine
therapy in SCH. This heterogeneity in the
reports may be partially explained by the
inclusion of different TSH levelgl6].

Thyroid autoimmunity and metabolic
syndrome:

It is unclear how thyroid autoimmunity
contributes to insulin resistance and MetS.
Similar to the frequency of autoimmune
thyroid disease (AITD), several researches
suggest a female dominance in MetS.
Furthermore, increased TSH and IL-6 levels
have been found in MetS and AIT, indicating
a potential connection between AITD and
MetS. There is contradictory data on the
metabolic and cardiovascular risks associated
with Hashimoto's thyroiditis [17].

While other studies revealed no correlation
between thyroid antibody levels and coronary
heart disease, Waring et al. reported a higher
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frequency of MetS in Hashimoto's thyroiditis
[18, 19].

AITD has been positively correlated
specifically in women, with hemoglobin Alc,
HOMA-IR, obesity, central obesity,
hyperlipidemia, and MetS, as demonstrated
by a study on 9082 Chinese euthyroid persons
[20].

Another study on postmenopausal euthyroid
women found no difference in the prevalence
of MetS between the thyroid peroxidase
antibody (TPOADb)-positive and negative
groups, despite the fact that obese subclinical
hypothyroid women with  Hashimoto's
thyroiditis had a higher prevalence of the
condition. This was in contrast to the study on
obese people, which refuted the idea that
TPOADb contributed to the development of
MetS [21].

TPOADb was linked to HOMA-IR and hsCRP
levels regardless of thyroid function, 5608
nonobese euthyroid individuals participated in
the study. This research implies a connection
between insulin resistance, chronic
inflammation, and minor variations in thyroid
hormone levels, thyroid autoimmunity, and
metabolic problems in the nonobese
population. To ascertain if levothyroxine
medication could be beneficial in reducing the
incidence of MetS for TPO or CVD even in
cases of euthyroidism or ab positive
individuals, more clinical trials are required
[22].

Hyperthyroidism and metabolic syndrome:
While it is common to find insulin resistance
the likelihood of MetS in hyperthyroidism is
lower in this condition because excess thyroid
hormones have catabolic effects that can
affect body mass and lipid composition.
Numerous investigations have revealed
insulin resistance in hyperthyroidism, even in
its preclinical form, and hyperglycemia, a
dysmetabolic condition, in subclinical forms
of the disease [22].

In keeping with the findings of Yavuz et al.
indicating lower insulin sensitivity in a group
with subclinical hyperthyroidism, Maratou et
al. postulated the occurrence of insulin
resistance in both fasting and post-glucose
stages [12, 23].
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This equilibrium can be disrupted and glucose
intolerance brought on by excess (or even
deficiency) thyroid hormone, especially after
hepatic insulin resistance because of increased
hepatic output of glucose through increased
rates of gluconeogenesis and glycogenolysis.
In certain organs, thyroid hormones can have
an antagonistic (liver) or agonistic (muscles)
effect on insulin. Crucially, earlier studies
have shown that the insulin resistance index
and even slight decreases in thyroid hormone
levels within the normal range are negatively
correlated [24].
Thyroid nodules and metabolic syndrome:
According to certain research, individuals
with several MetS components had a higher
risk of thyroid nodules than those with one or
no MetS component. Thyroid nodules are also
more common in people with poorly treated
MetS, particularly in those with uncontrolled
aberrant glucose metabolism [25].
Research has indicated a favorable correlation
between the incidence of thyroid nodules and
insulin resistance. Through insulin or insulin-
like growth factor 1, insulin resistance may
directly activate the proliferation pathway,
controlling thyroid gene expression as well as
the proliferation and differentiation of thyroid
cells [26].
Moreover, there is a chance that insulin
resistance is related to the thyroid's vascular
structure, which would promote the growth of
thyroid nodules. To find out whether
variations in other metabolic markers can
promote thyroid nodule formation in certain
ways, more investigations are still required
[27].
A recent meta-analysis revealed that because
TNs were more common in men, women, and
children, the increased prevalence of MetS in
TN patients was not correlated with sex and
combination groups when MetS patients were
studied based on sex. These differences were
not statistically significant. Since the
differences in the age-based subgroup
analysis were not statistically significant, it
cannot be concluded that there are differences
in the prevalence of MetS among TN patients
under 40, between 40 and 50, between 50 and
60, and above 60 years of age. However, the
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researchers were unable to show a connection populations. Furthermore, the majority of

between TNs and MetS in the population with
low iodine levels [28].
Everyone is aware of the important role
iodine plays in the onset and progression of
thyroid disorders. The onset of TNs may
potentially be caused by the body consuming
too much or too little iodine. In cases of
iodine excess, thyroid nodules are more
common to be multiple, but in cases of iodine
deficit, thyroid nodules are more common to
be solitary [29].
MetS occurrence is also linked to iodine
nutrition in addition to TN. lodine deficiency
was linked to elevated blood pressure and
cholesterol, and a cross-sectional
investigation found a correlation between
urine iodine concentration (UIC) and
problems connected to metabolism, which
showed up as a U-shaped curve [30].
lodine's physiological role in the human body
is mostly determined by its properties as a
halogen element. lodine is prone to free
radical reactions and is quite reactive. Since
iodine is an antioxidant, it can directly
function as an electron donor to reduce
reactive oxygen species (ROS). It can also be
used as a free radical to iodinate unsaturate'd
fatty acids and tyrosine on cell membranes,
reducing their reactivity with free radicals, in,
order to accomplish the anti-oxidation
purpose. lodine's lowering qualities can aid in
the thyroid's regular function, aid in the
synthesis of thyroid hormones, and potentiallf"
help with long-term metabolic disorders
linked to free radical damage [31].
CONCLUSIONS 4.
Although the danger of MetS is still
debatable, according to the review, people
who already have thyroid hypofunction
especially when it is at low normal levels runs.
the risk of developing several metabolic
disorders. The intricate link between TSH,
FT3, FT4, and metabolic parameters can be
impacted by inflammatory indicators, age,s
sex, BMI, insulin resistance, smoking, alcohol
consumption, iodine intake, and other factors.
The same conclusion cannot be drawn for
general populations because these factor§’
distributions vary significantly amongst
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researches employ indirect methods to
estimate BMI and insulin resistance, which
may not accurately reflect the distribution of
fat mass and may cause misunderstandings.
Because minor thyroid hypofunction has
negative effects on the metabolism and
cardiovascular system, screening and
treatment may be necessary, especially in
light of the possibility of side effects from
replacement therapy, such as osteoporosis and
atrial fibrillation. The only two conditions that
may be linked to hyperthyroidism are insulin
resistance and dysglycemia. Even in patients
with low normal TSH values, AITD may
represent a possible risk factor for metabolic
disorders. Before we can make any firm
judgments about the usefulness of thyroid
hormone treatment for people with SCH or
low normal thyroid function, there is still a
great deal of information that has to be
gathered.
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