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Abstract

This article presents relationships between metabolic syndrome and gallstone disease, hyperuricemia,
hormonal disorders and point out the most relevant picture for today. In the review the general
pathogenetic mechanism of endothelial dysfunction formation in metabolic syndrome and hyperuricemia
is revealed and described. Shown, that hyperuricemia is a marker of the metabolic syndrome. The
symptoms of metabolic syndrome increase with increasing levels of hyperuricemia. The review found
that it is obesity and insulin resistance are common leading risk factors for progression metabolic
syndrome and gallstone disease. No association between gallstone disease and dyslipidemia unlike
metabolic syndrome. Obesity is a common factor in the relationship between metabolic syndrome,
gallstone disease and hormonal disorders. Insulin resistance is a common factor metabolic syndrome and
polycystic ovary syndrome, the leading factor in the course of metabolic syndrome in menopause,
hypopituitarism, and gallstone disease. Also, insulin resistance is a common factor in the comorbidity of
gallstone disease and postmenopausal conditions. Obesity and insulin resistance are common factors of
metabolic syndrome and benign prostate hyperplasia.
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Introduction

One of the most urgent problems of the atherothrombotic complications [5]. It 1is

modern medicine is the search for the risk
factors to prevent cardiovascular disease
(CVD) [1, 2]. Investigation at the early phase
of the development of a clinical and
laboratory symptoms set of great social
importance in terms of preventing the
development of hypertension, atherosclerosis,
and acute myocardial infarction. Endothelial
dysfunction, as the leading mechanism of the
pathogenesis of cardiovascular problems, is
formed gradually. It can be associated with
hormonal disorders in the body at its early
phase [3, 4].

Metabolic syndrome (MetS) means the
presence of multiple risk factors for CVD [5,
10]. The worldwide prevalence of MS in the
adult population is estimated between 20%
and 48% [11, 12]. MetS is characterized by
biochemical, physiological and metabolic
abnormalities, that contribute to
cardiovascular disease, type 2 diabetes
mellitus and development of
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accompanied by the state of low chronic
inflammation and such symptoms as insulin
resistance, visceral adiposity, elevated
fasting plasma glucose, oxidative stress,
atherogenic dyslipidemia (which comprises
lower high-density lipid, and higher serum
triglyceride levels), endothelial dysfunction,
elevated blood pressure and increased
coagulation [5, 13, 14].

According to the International Diabetes
Federation definition, established in April
2005, Mets 1s a “cluster of the most
dangerous heart attack risk factors: diabetes
and prediabetes, abdominal obesity, high
cholesterol and high blood pressure” [15].
There are about 775 million obese people in
the World including adult, children, and
adolescents [16].

The United States has one of the highest
obesity rates worldwide and has to face the
problem of an even increasing obese and
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overweight population. In 2017, the obesity
prevalence in the United States amounted to
31.3 percent among adults aged 20 and over.
Around 28 percent of elderly adults were
obese in 2018, compared to 25.3 percent in
2013. It is also documented that at least 2.6
million people die annually due to obesity
worldwide [17]. Worldwide, over half a billion
people are currently classified as obese (body
mass index [BMI] > 30 kg/m?), and it is
estimated that over 40% of the U.S
population will be obese by the year 2030
[18].

Criteria for MetS differ particularly
regarding the definition of central obesity
and consequently, there could be differences
in the assessment of cardiovascular risk [6].
Current evidence supports the role of soluble
uric acid as a true mediator of injury,
exerting its effects through the induction of
growth factors, cytokines, hormones and
autacoids [19]. Soluble wuric acid has
important biologic roles. While it acts as an
antioxidant, there is also evidence that uric
acid has pro-inflammatory and proliferative
effects on smooth muscle cells, and causes
dysfunction of endothelial cells [20, 19].

Uric acid may contribute to endothelial
dysfunction by inducing antiproliferative
effects on endothelium and impairing nitric
oxide production [20]. In 1994 it was shown
thatthere is no difference in the sex hormone
profiles between asymptomatic
hyperuricaemic and normouricaemic men
[21]. Nevertheless, violation of wuric acid
metabolism is an indicator of hormone-
metabolic shifts [19].

The violation of lipid metabolism, which is
observed in patients with metabolic
syndrome, increases the release of cholesterol
into bile [22]. Pathogenetic mechanisms of
formation of cholelithiasis, associated with a
violation of lipid metabolism, allow us to
conclude that there is an association of this
disease with MetS [23].

The role of hormonal disbalance, 1i.e.
hyperleptinemia, hyperinsulinemia,
hypercortisolemia, hypercatecholaminemia,

hyperestrogenemia and hyperandrogenemia
in MetS is proved [24, 25]. A special attention
in the development of MetS is paid to the
activity of the hypothalamo-pituitary-adrenal
axis after stress. There are reliable scientific
arguments that the metabotrophic deficit due
to reduced neurotrophins could be implicated
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in the pathogenesis of MetS, type 2 diabetes
mellitus, and atherosclerosis as well [14].
Higher rates of cardiovascular events
reported in primary aldosteronism could be
due in part to the increased prevalence of the
metabolic syndrome in this disorder [7]. The
aim of this article was to consider and
establish relationships between MetS, GSD,
hyperuricemia and hormonal disorders in
patients with MetS and point out the most
relevant picture for today.

Method

A literature search conducted using PubMed
was conducted up to August 2018 using
multiple search terms ‘Metabolic syndrome’,
‘Prevalence of metabolic syndrome’. A search
for each risk factor and its relation to MetS
was conducted. A search for the association
between MetS and hyperuricemia, MetS and
gallstone disease and MetS and hormonal
disorders was conducted. Were used multiple
search terms «Metabolic syndrome and
hyperuricemia», «Metabolic syndrome and
gallstone disease », «Metabolic syndrome and
hormonal disorders ».

A total of 128 studies were screened, however
only 76 were assessed for eligibility and 66
were included in this review, 2 to 1994, 21
from 2002 to 2010 and 43 from 2011 to 2018.
All articles identified were English-language.
We also searched the reference lists of
identified articles for further relevant papers
(Figure 1).

Results and Discussions
Comorbidity of MetS and hyperuricemia

The prevalence of the MetS increases
substantially with increasing levels of
hyperuricemia [26]. The symptoms of MetS
increase  with  increasing levels  of
hyperuricemia, including abdominal obesity,
hypertriglyceridemia, low high-density
lipoprotein (HDL) cholesterol, high blood
pressure, and high fasting glucose.

Physicians should recognize the metabolic
syndrome as a frequent comorbidity of
hyperuricemia and treat it to prevent serious
complications. Hyperuricemia has been
suggested as a simple marker of the
metabolic syndrome [26]. Hyperuricemia is
predictive factor for wvisceral obesity and
insulin resistance [27]. Also the association
between hyperuricemia and the main
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components of MetS is often found in medical
practice [28, 29]. For example, it was shown
that prevalence of the MetS, as well as
prevalence of its distinct components like
body mass index, hypertension, and diabetes

is in direct dependence to serum uric acid
level. In individuals with a higher level of
uric acid, the prevalence of MetS is higher
Table 1 [30].
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Figure 1: Diagram of Studies Selected for Review
Information published on the web sites WHO, IDF and others were also considered.

Table 1: The prevalence of metabolic syndrome depending on serum uric acid level

Participants characteristics serum uric acid level prevalence of MetS
8669 men and nonpregnant women aged at <6 mg/dL 18.9%
least 20 years who attended the medical from 6 to 6.9 mg/dL 36.0%
examination, had fasted at least 8 hours from 7 to 7.9 mg/dL 40,8%
before the blood collection, and had from 8 to 8.9 mg/dL 59,7%
complete information to allow definition of from 9 to 9.9 mg/dL 62%
the metabolic syndrome and measurement >10 mg/dL 70.7%
of serum uric acid levels
Serum uric acid level 5.5mg/dL the metabolic syndrome may explain the

independently predicted the development of
hyperinsulinemia at both 6 and 12 months in
nondiabetic patients with  first-time
myocardial infarction [31]. Renal clearance
of urate is inversely related to the degree of
insulin resistance [30, 32]. Thus, the reduced
renal excretion of urate among patients with
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increased frequency of hyperuricemia. The
second possible explanation grows from
hypothesis of fructose-induced
hyperuricemia, which leads to manifestation
of MetS or its individual components [33].
The fact is that fructose causes serum uric
acid levels to rise rapidly, which in turn,
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reduces levels of endothelial nitric oxide
(NO), a key mediator of insulin action. NO
increases blood flow to skeletal muscle and
enhances glucose uptake, thereby its
deficiency causes insulin resistance and other
features of the metabolic syndrome. This
hypothesis may be proved by the
investigation, showing that Feeding fructose
to rats causes rapid development of the
metabolic syndrome, including obesity,
hypertension, insulin resistance,
hypertriglyceridemia and hyperinsulinemia.

Case control analysis revealed that mean
plasma fasting insulin level was higher in
hyperuricemia patients, regardless of sex,
age and triglyceride levels [34]. As it was
mentioned above, MetS is characterized by
endothelial  dysfunction. Endothelial
functional status as reflected by decreased
NO and increased serum endothelin levels
along with insulin resistance is seen in MetS
[36].At the same time, elevated uric acid level
1s also able to cause this impairment and,
thus, decrease bioavailability of endothelial
NO.

Vasorelaxation of arterial rings in response
to acetylcholine, a process that is mediated
by NO, is blocked by uric acid [33].Given the
frequent association between hyperuricemia
and the MetS, it is imperative to develop
appropriate dietary and other lifestyle
guidelines taking into account improving
hyperuricemia and overall long-term health
effects

Comorbidity of MetS and Gallstone
Disease

According to worldwide statistic, the
prevalence of gallstone disease (GSD) reaches
10% - 15% among white adults of the
European countries [36, 38], while in East
Asians and African Americans it is not so
high [39]. At the same time in China, the
incidence of GSD 1is rising, thus it 1is
considered a health problem of prime
importance.

The prevalence of GSD in Taiwan is a little
lower than those in western countries [40, 41,
8]. Fewer than 20% of subjects with
gallstones develop clinical events. Larger,
multiple, and older gallstones are associated
with events [42]. MetS affects almost one-
third of the adult population, including over
one-half of adults over 60 years, with
abdominal obesity being the most prevalent
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component. And some studies concluded that
GSD might be a component of MetS [26, 6,
43] although it needs to be validated by more
evidences. According to other authors MetS is
strongly connected with GSD and the more
the components of MetS, the higher the
prevalence of GSD [44, 45]. In an age- and
sex-adjusted logistic regression model,
metabolic syndrome was associated with
gallstone disease (OR = 1.61; P < 0.0001).
Females had a higher odds ratio than males
in waist circumference for GSD, whereas
males had a lower odds ratio than females in
HDL-C for GSD.

Waist circumference and high-density
lipoprotein cholesterol are all associated with
GSD. Men and women may possibly have
different priorities and strategies to reduce
the burden of GSD [8]. Age, female sex, BMI,
non- HDL cholesterol, and polyps are
independent determinants
for gallstone formation. Incident gallstones
and the metabolic syndrome share common
risk factors [42, 46, 38]. Risk factors, which
may lead to GSD, comprise hyperlipidemia,
diabetes and obesity, therefore MetS is also
associated with GSD.

Study on Chinese population showed that if 5
components of the MetS are present, risk of
GSD will rise by 3.4 times (P< 0.0001) in
men and by 5 times in women [45]. More
studies are needed for further exploration.
Though increased prevalence of GSD 1is
connected with insulin resistance, age and
postmenopausal state, obesity remains the
most valid risk factor for GSD appearance,
because hepatic secretion of cholesterol rises,
while  gallbladder motility  decreases,
contributing to gallstone formation [22, 38].

Interestingly, no association between GSD
and dyslipidemia was found, regardless the
latter is a common symptom of patients with
MetS [37, 47]. Despite this GSD is associated
with a higher risk of total mortality and
disease-specific mortality, including CVD [37,
48].Finding association between MetS and
GSD is so important because of possibility to
decrease the incidence of GSD by the means
of lifestyle factors, which reduce MetS.

Comorbidity of MetS
Disorders

and Hormonal

Polycystic ovary syndrome (PCOS) is a
complex endocrine disorder, affecting 5-10%
women of reproductive age.

36



Raisa A. Aringazina et. al.| Journal of Global Pharma Technology| 2019] Vol. 11|Issue 04|33-41

It is one of the most common causes of
functional infertility and a clinical problem
that can be faced by doctors of many
specialties. PCOS is characterized by
hyperandrogenism,  oligoovulations and
metabolic disorders. The fundamental parts
of the therapy are lifestyle modifications and
weight loss. Losing as little as 5% of body
mass increases frequency of ovulations,
chances of pregnancy and improves hormonal
profile [49, 50].Although the pathophysiology
of the syndrome is complex and there is no
single defect from which it is known to result,
it is hypothesized that insulin resistance is a
key factor [51].

Insulin resistance is almost always present
in women with PCOS, regardless of weight,
and they often develop diabetes and MetS
[49]. PCOS is a common heterogeneous
endocrine disorder associated with MetS. The
PCOS and MetS are common disorders that
share many characteristics, particularly
abdominal obesity and insulin resistance
[62]. Results of the meta-analysis
demonstrated that the patients with PCOS
regardless of age, recruitment sources of
samples had higher odds of MetS compared
to healthy controls. The prevalence of MetS
was higher in women with PCOS than in
controls regardless of the
applied MetS definition [51, 52, 53].

In reproductive-aged women with abdominal
obesity without concomitant PCOS in the
presence of insulin resistance,
the ovarian reserve decreases and the levels
of follicle-stimulating hormone and
luteinizing hormone increase, which leads to
accelerated aging processes in  the
reproductive system [54]. MetS 1is often
associated with male hypogonadism. The
meta-analysis of the available cross-sectional
data suggests that MetS can be considered an
independent association of male
hypogonadism [55]. Abdominal obesity is a
major determinant of low testosterone levels
irrespective of diabetes status.

The causative relationship between the often
low testosterone and type 2 diabetes mellitus
might be bidirectional or even
multidirectional and interrelated with
obesity and MetS [56]. The prevalence of
MetS in postmenopause is due to loss of the
protective role of estrogens and increased
circulating androgens resulting in changes to
body fat distribution and development of
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abdominal obesity. Pathophysiologic changes
during the menopause transition may
contribute to the risk of MetS. Body fat
composition, particularly visceral fat, 1is
highly associated with increased insulin
resistance, abnormal carbohydrate
metabolism and high blood pressure [57, 58].
Estrogen deficiency promotes hepatic
steatosis via a glucocorticoid receptor-
dependent mechanism in mice. These studies
prove uncover a regulatory axis between
estradiol, follicle-stimulating hormone and
hepatic glucocorticoid receptor signaling that,
when disrupted, as in menopause, promotes
hepatic steatosis [59].

The prevalence of MetS was 49.12% in
subclinical hypothyroid women and 46.89%
in euthyroid women. MetS in both euthyroid
and subclinical hypothyroid women is
connected with obesity, visceral fat
accumulation, and higher TSH and IL-6
concentrations [58]. In euthyroid subjects
free T4 is associated with risk of MetS and its
components. The prevalence of MetS
decreased from 30.1% in the lowest free T4
tertile to 22.4% in the highest FT4 tertile
(p<0.001) [60]. Prevalence of MetS and
mortality rates from cardiovascular causes

are increased in patients with
hypopituitarism.

Features of obesity, visceral adiposity,
dyslipidemia, insulin  resistance, and

hypertension are common in these patients.
Unreplaced growth hormone deficiency and
inadequate replacement of other hormone
insufficiencies may be responsible for the
adverse body composition and metabolic
profile associated with hypopituitarism.
Recently, fatty liver disease was added to
this unfavorable metabolic phenotype [61].
48.59% of benign prostate hyperplasia (BPH)
1s combined with MetS [62]. The mainstream
view supports the correlation between MetS
and BPH, but the pathogenesis of MetS-BPH
is not fully understood.

Low androgen and high estrogen levels were
found in men with BPH, like those with MetS
[63]. BPH patients with MetS have a higher
prostate growth rate and larger prostate
volume than those without MetS [64]. Body
weight, BMI and waist circumference have
all been positively associated with prostate
volume. Obesity increases the risks of BPH
[65]. Physician-diagnosed diabetes, increased
serum insulin and elevated fasting plasma
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glucose have been associated with increased
prostate size and increased risk of prostate
enlargement, clinical BPH and BPH surgery
[66].

Conclusion

There are limitations of this analysis that
have to be considered. Not all diagnostic
criteria for the metabolic syndrome were
investigated as general factors of comorbidity
metabolic syndrome with hyperuricemia,
gallstone disease, and hormonal disorders. In
particular, hypertension is not described at
all; there is a little data on dyslipidemia. The
frequency of cardiovascular complications in
the context of comorbidity of the metabolic
syndrome is not described.

The review does not include issues of
preventing the various complications
development during metabolic syndrome,
hyperuricemia, gallstone disease, post
menopause, polycystic ovary syndrome and
other described conditions, related to each
other. In the review the general endothelial
dysfunction formation pathogenetic
mechanism in metabolic syndrome and
hyperuricemia is revealed and described.
Shown, that hyperuricemia is a marker of the
metabolic syndrome. The symptoms of MetS
increase  with  increasing levels  of
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