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The serum level of uric acid (UA) appears to be associated with a variety of cardiometabolic risk factors;
however, direct association with the metabolic syndrome (MetS) remains controversial. The aim of this
study is to investigate the association between serum levels of UA and the components that define MetS,
differentiated by gender. 262 patients were enrolled (132 women and 130 men); mean value of the age:
58.7±16 year. Hyperuricemia was considered when the level of serum UA ≥7mg/dL in men, and  ≥ 6mg/dL
in women; MetS was defined according to the IDF criteria. The prevalence of MetS in the studied group was
35.11% and the prevalence of hyperuricemia was 16.79%. Men with hyperuricemia had the highest prevalence
of abdominal obesity (87.5% vs. 66.32%, p <0.001) and hypertriglyceridemia (65.62% vs. 45.91%, p < 0.001)
versus men with normal level of serum UA. Women with hyperuricemia also had a significantly higher
incidence of abdominal obesity (75% vs. 57.51%, p <0.001), hypertriglyceridemia (58.33% vs. 38.33%, p
<0.001), decreased HDL (50% vs. 33.33%, p <0.001) and hyperglycemia (66.66% versus 50%, p <0.001)
compared to those with normal levels of serum UA. The majority of men with hyperuricemia have more
than 4 of the MetS components. Hyperuricemia had a higher prevalence in patients with MetS, it may be
considered as a causal factor of MetS. Elevated levels of serum uric acid were significantly more associated
with the increasing number of MetS components. Early detection and treatment of hyperuricemia is essential
for preventing the metabolic syndrome and its complications.
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Hyperuricemia and metabolic syndrome (MetS) are very
common disorders in many countries, being considered
risk factors for cardiovascular disease [1]. The prevalence
of MetS and hyperuricemia is high among most populations.
In the NHANES study (2003-2006), MetS prevalence was
approximately 34% in adults over 20 years with elevated
serum uric acid [2]. The same NHANES study conducted
in 2007-2008 reveals a prevalence of hyperuricemia of
21.6% in women and in men of 21.2% [3].

Uric acid is a final enzyme product of purine metabolism
in humans, suggesting that hyperuricemia is associated
with MetS, and they may have common pathophysiology
[4]. The renal clearance of urate is inversely proportional
to the degree of insulin resistance. Thus, reduced kidney
excretion in patients with MetS may explain the increased
frequency of hyperuricemia. Based on these
considerations, hyperuricemia was suggested as a marker
of MetS [5].

In addition to classical conditions that lead to elevated
serum uric acid levels, local ischemia is the mechanism
that could explain the relationship between serum uric acid
and cardiovascular pathology. It is possible that free
radicals production, due to ischemic transformation of
hypoxanthine or of xanthine via the xanthineoxidaze (XOD)
pathway, is actually responsible for vascular lesions when
increased levels of uric acid are registered.

This would also explain the apparent dual effect of uric
acid (as antioxidant/prooxidant), defined as uric acid
paradox: on the one hand experimental studies prove the
antioxidant effect of the uric acid molecule, and, on the
other side, the high serum uric acid level is related to pro-
inflammatory effects: decreased nitric oxide synthesis at
vascular level, activation of the renin-angiotensin-
aldosterone system, renal microvascular disorder
(arteriosclerosis) [6].
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MetS is defined by a group of risk factors, including
central obesity, dyslipidemia, hypertension and insulin
resistance. The aggregation of these factors increases the
risk of developing cardiovascular disease and diabetes.
Because these risk factors can not entirely explain the
cardiovascular events occurring in subjects with MetS,
other risk factors such as inflammator y markers,
microalbuminuria, hyperuricemia and clotting disorders are
considered to be included in the MetS definition [7].
Recently, hyperuricemia has been included as a
cardiovascular risk factor in the latest hypertension
guideline of the European Society of Cardiology [8].

The global prevalence of MetS varies largely from <10%
to 84%, depending on region, gender, age and ethnicity,
also underlined in Kaur’s study [9].

There is increasing epidemiological evidence suggesting
that MetS is associated with an increased risk of
cardiovascular disease [10-14], diabetes [15], neoplasia
[16] and even osteoporosis [17], MetS thus becoming a
public health issue worldwide.

Despite epidemiological research demonstrating a
positive relationship between serum uric acid level and
MetS prevalence, prospective data on serum uric acid as a
predictor of MetS prevalence and correlation of its level
with MetS components are limited, motivating this study
[18-20]. The primary objective of this study is to evaluate
the association between serum uric acid and metabolic
syndrome components.

Experimental part
Material and method

262 patients (132 women and 130 men), median age
58.7 ± 16 years, selected from patients with cardiovascular
risk factors (Timisoara Circumvalatiunii Polyclinic) were
included in the study. Patients were divided into two groups:
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those with non-SMET criteria and, respectively, those
meeting the International Diabetes Foundation (IDF)
definition criteria for MetS: abdominal circumference ≥
94 cm for men and ≥ 80 cm for women or BMI ≥ 25 kg /
m2); TG ≥ 150 mg / dL or specific treatment for this type of
dyslipidemia; HDL-cholesterol <40 mg / dL in men and
<50 mg / dL in women or specific treatment for this type
of dyslipidemia; TA ≥ 130/85 mmHg or HTA treatment
previously diagnosed; glycemia ≥ 100 mg / dL or type 2
diabetes diagnosed previously [21].

Hyperuricemia was defined as serum uric acid (AU)
≥7mg / dL in men and ≥6mg / dL in women according to
the European League Against Rheumatism Guide (EULAR)
[22].

Anthropometric and laboratory measurements
The waist circumference was measured at the level of

umbilical scarring. Abdominal obesity was defined at
≥94cm for men and ≥80cm for women respectively. The
Body Mass Index (BMI) was calculated and used to classify
overweight and obesity in accordance with World Health
Organization recommendations. We calculated the BMI
as weight (kg) / height (m2). Based on BMI values, patients
were in normal range (BMI <25 kg / m2), overweight (IMC
25-29.99 kg / m2) and obese (BMI≥ 30 kg / m2) [23].

Blood pressure (BP) was measured by means of a strain
gauge, with the patient sitting after at least 5 min and before
taking blood samples.

Biochemical markers defining the metabolic syndrome
were determined in accordance with their standardized
protocols.

Fasting glycemia, serum uric acid, lipid profile including
total serum cholesterol (HD), HDL-c (high-density
lipoprotein cholesterol), LDL-c and triglycerides (TG) have
been evaluated.

Glucose is a monosaccharide with formula C6H12O6
or H-(C=O)-(CHOH)5-H, whose five hydroxyl (OH) groups
are arranged in a specific way along its six-carbon back.

Uric acid is a heterocyclic compound of carbon, nitrogen,
oxygen, and hydrogen withthe formula C5H4N4O3.

Triglycerides are lipid fractions, formed by combining
glycerol with three fatty acid molecules. Alcohols have a
hydroxyl (HO-)group. Organic acids have a carboxyl (-
COOH) group. Alcohols and organic acids join to form
esters. The glycerol molecule has three hydroxyl (-OH)
groups. Each fatty acid has a carboxyl group (-COOH). In
triglycerides, the hydroxyl groups of the glycerol join the
carboxyl groups of the fatty acid to form ester bonds:

HOCH2CH(OH)CH2OH + RCOOH + R’COOH +
R’’COOH→RCO2CH2CH(OOCR’)CH2COOR’’ + 3H2O

Another lipid fraction who plays an important role in the
atherosclerotic process is HDL -cholesterol. HDL is one of
the five major groups of lipoproteins, the smallest, which
transport lipid around the body. Lipoproteins have central
core of a hydrophobic lipid, encased in a hydrophilic coat
of polar phospholipid, free cholesterol and apolipoprotein
[24].

These biological parameters were taken from the
analysis bulletins which patients showed at the time of
clinical evaluation. Patients with a history of diabetes,
dyslipidemia, hypertension or treatment for these
conditions previously diagnosed were included in the study.

Exclusion criteria:
-patients under the age of 18 years
-patients with not determined waist circumference or

BMI

-patients who did not have a determined level of serum
uric acid, fasting glucose and lipid levels

-alcoholic and non-cooperative patients
-patients undergoing care therapy could affect the value

of the parameters analyzed
-presence of other chronic conditions (inherited or non-

invasive atherothrombotic cardiovascular disease,
malignant tumors, thyroid disorders, renal or hepatic
impairment) that may have an effect on the analyzed
parameters

-patients who refused to be included in the study.

Statistical processing
All the data was analyzed by the SPSS software and

basic parameter was compared using ANOVA test and chi
square and p value was calculated; p<0.05 values were
considered statistically significant.

Results and discussions
The general characteristics of the 262 patients included

in the study are presented in table 1.
Table 1

CHARACTERISTICS OF PATIENTS

Of the 262 patients enrolled in the study, 132 (50.38%)
were females, and 130 (49.62%) of the patients were male.
The distribution of the batch included in the study by gender
is illustrated in figure 1.

The mean age of patients enrolled in the study was 58.7
± 16 years, with patients under the age of 18 being
excluded from the study.

Of the 262 patients enrolled in the study, 92 patients
met the IDF criteria for defining the metabolic syndrome,
so the MetS prevalence was 35.11%, a percentage
comparable to the literature data where its prevalence was
ranged between 30.1 and 39,.3%, [25, 26]. The data is
shown in figure 2.

IDF estimates that approximately 20-25% of the adult
population can be enrolled in MetS (www.idf.org), leading
to an increase in the frequency and severity of
cardiovascular diseases [27]. MetS affects approximately
25% of the general population, and about two-thirds of MetS
patients are predisposed to cardiovascular events.

Fig. 1.Batch distribution by gender

with  Smet without CSMet
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The MetS prevalence in the studied group was higher
than that reported by IDF. Data from recently published
studies indicate a higher prevalence of MetS of 50.64%
[28] and 35.44% respectively [29].

Clinical studies have shown that serum uric acid levels
are commonly associated with subclinical atherosclerosis,
especially in men with type 2 diabetes. Hyperuricemia has
also been shown to be an independent predictor for
atherosclerosis in hypertensive patients [30, 31].

Another objective was to determine the prevalence of
hyperuricemia (UA ≥ 7 mg/dL in men and ≥ 6 mg/dL in
women) in the studied group and its prevalence in patients
with and without MetS.

The prevalence of hyperuricemia among the patients
enrolled in the study was 16.79%, as shown in figure 3.

Tables 2 and 3 present the prevalence of MetS and its
components in patients with and without hyperuricemia,
according to gender.

In men, among the components defining MetS,
statistically significant differences were noted in central
obesity and hypertriglyceridemia.

Central obesity was commonly associated with
hyperuricemia, with a prevalence of 87.5% in HU men,
whereas in those with normal uric acid the prevalence
was lower, 66.32%, with statistically significant difference,
p <0.001.

Clinical trials have reported that there are significant
associations between HU and visceral or central obesity,
increased BMI, triglycerides and vascular endothelial
dysfunction [33].

The association between serum triglycerides and uric
acid resides in the fact that the synthesis of fatty acids in
the liver is associated with de novo purine synthesis and
accelerated uric acid production [28].

In the current study, 65.62% of male patients with
hyperuricemia also associated hypertriglyceridemia,
whereas in those with normal uric acid levels,
hypertriglyceridemia was present in 45.91% of patients.

Hyperuricemia and hypertriglyceridemia reflect the
patient’s lifestyle more than genetic factors, because
obesity is also associated with these features.

Considering other MetS components (low HDL, BP ≥130
/ 85 mmHg or hypertension, fasting plasma glucose ≥100
mg/dL or type 2 diabetes), there were no significant
differences between the patients in the HU group
compared to the non-HU group, as shown in table 2.

In women, statistically significant differences were
noted for the following components: central obesity,
hypertriglyceridemia, low HDL and fasting plasma glucose
≥100 mg/dL or type 2 diabetes, as shown in table 3.

Central obesity in women, as well as in men, was
commonly associated with hyperuricemia, with 75%

Fig. 2. MetS prelevance

Fig. 3. Prevalence of
hyperuricemia

with  HU without HU

In the study of Wang and colleagues, the prevalence of
hyperuricemia (HU) has been shown to increase with age,
16.7% of the population included in the study (age> 60
years) recorded increased UA levels [32].

Of the 92 patients who met MetS criteria, 38 patients
also had increased UA levels, and in 54 patients the serum
uric acid values were normal, so the hyperuricemia
prevalence in MetS patients was 41.30%, as shown in figure
4.

with  HU

without HU

Fig. 4. Prevalence of
hyperuricemia in patients

with MetS

Table 2
PREVALENCE OF MetS COMPONENTS IN MEN

WITH AND WITHOUT HU
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prevalence in HU, whereas in those with normal values
its prevalence was much lower 57.5% (p <0.001 ).

Literature data shows that, when considering the relation
between obesity and uric acid serum level, only the waist
circumference remained significantly positive associated
with hyperuricemia. Serum uric acid levels are significantly
higher in subjects with MetS and obesity compared to
overweight and normoponderal patients [28].

In the current study, 58.33% of women with
hyperuricemia associated hypertriglyceridemia, whereas
in those with normal uric acid hypertriglyceridemia was
present in only 38.33% of patients, as shown in table 3.

Gender is clearly an important factor in the relationship
between hyperuricemia and MetS. Women with hyper-
uricemia had a higher prevalence of hypertriglyceridemia
and HDL decrease, as well as a significant increase in
cardiovascular morbidity and mortality compared to men
with hyperuricaemia.

The prevalence of women with low HDL cholesterol
was higher in those who associated increased serum uric
acid levels compared to those with a normal value (50%
versus 33.33%).

Prevalence of fasting plasma glucose ≥ 100 mg/dL or
type 2 diabetes in women with HU was 66.66% compared
to 50% in those with normal uric acid values (statistically
significant difference p <0.001). The patients in the present
study expressed a change in carbohydrate metabolism,
especially those with hyperuricemia. In contrast, no
significant statistic difference was found in men, this is
probably due to the fact that, especially in diabetics,
hyperglycemia may increase uric acid renal excretion,
which leads to decreased serum uric acid levels.

BP ≥130/85 mmHg or hypertension, another component
of MetS, although it was common (> 80% of patients
included in the study) in both men and women, the
prevalence did not differ significantly in patients with and
without hyperuricemia.

The prevalence of MetS and its components was higher
in HU patients compared to non-HU in both genders. The
number of MetS components increases significantly with
the increase of serum uric acid.

As shown in table 2, the number of male patients with
hyperuricemia and ≥ 4 components was significantly higher
(40.62%) compared to those who had a normal serum uric
acid value and the same number of components (18.36%).

Female gender shows an increase share of both 3 and 4
components of MetS (table 3). The prevalence of those
with ≥3 components of MetS was 83.33% and the ≥4
components were 66.66%. It follows that the percentage

of HU patients and 4 components of MetS was significantly
lower compared to those with HU and 3 components of
MetS.

Data from literature showed that elevated serum uric
acid levels were significantly more associated with the
increase in the number of MetS components [26, 32, 33].

Conclusions
The prevalence of hyperuricemia is increasing in recent

decades, which is why it should be considered as a
component of metabolic syndrome and a risk factor for
cardiovascular disease.

Hyperuricemia is frequently associated with metabolic
syndrome, which is also a major predictor of cardiovascular
disease. The prevalence of hyperuricemia is higher in
patients with metabolic syndrome, thus being considered
a causal factor.

Increased serum concentrations of uric acid were
significantly more associated with the increase in the
number of components of the metabolic syndrome. Early
detection and treatment of hyperuricemia is essential to
prevent the onset of metabolic syndrome and its
complications, and it is associated with an increased risk
of cardiovascular disease.

References
1.WU, H.W., YU, K.H., LIN, S.R., KUO, C.F., SEE, L.C. Chun Shan
Medical Journal., 23, 2012, p. 11.
2.ERVIN RB. Natl. Health Stat. Report. 13, 2009, p. 1.
3.NORVIK, J. V., STORHAUG, H.M., YTREHUS, K., JENSSEN, T. G.,
ZYKOVA, S. N., ERIKSEN, B. O., SOLBU, M.D. BMC Cardiovascular
Disorders., 16:85, 2016. DOI 10.1186/s12872-016-0265-8
4.CHIOU, W.K., WANG, M.H., HUANG, D.H., CHIU, H. T., LEE, Y. J., LIN,
J.D. The J Epidemiol., 20 (3), 2010, p. 219.
5.SNAITH ML. Lancet. 358:525. 2001.
6.RUILOPE, L., CEREZO, C. Journal of the ESC Council for Cardiology
Practice. 10(21), 2012.
7.NEJATINAMINI, S., ATAIE-JAFARI, A., QORBANI, M., NIKOOHEMAT,
S., KELISHADI, R., ASAYEHS. H., HOSSEINI, S. Journal of Diabetes &
Metabolic Disorders., 14:70, 2015, DOI 10.1186/s40200-015-0200-z.
8.WILLIAMS, B., MANCIA, G., SPIERING, W., et al. European Heart
Journal, 39, 2018, p. 3021.
9.KAUR J. Cardiol Res Pract. Volume 2014. Article ID 943162, 21 pages
http://dx.doi.org/10.1155/2014/943162.
10.ISOMAA, B., ALMGREN, P., TUOMI, T., FROSEN, B., LAHTI, K.,
NISSEN, M., TASKINEN, M. R., GROOP, L. Diabetes Care, 24 (4), 2001,
p. 683.
11.TUDORAN, M., TUDORAN, C., Kardiologia Polska. 73(5), 2015 p.
337; DOI: 10.5603/KP.a2014.0241.

Table 3
PREVALENCE OF MetS COMPONENTS IN WOMEN

WITH AND WITHOUT HU



http://www.revistadechimie.ro REV.CHIM.(Bucharest)♦ 70♦  No. 3 ♦ 20191066

12.STANCU, A., CARPINISAN, L., GHISE, A., PENTEA, M., BERCEANU
VADUVA, D.M., VELIMIROVICI, D.E., ROMEO C., Mat. Plast., 54, no. 3,
2017, p. 546.
13.GALASSI, A., REYNOLDS, K., HE, J. Am J Med. 119 (10), 2006, p. 812
14.RUSU, M.C., POP, E., Fenestrated vertebral artery, ANATOMICAL
SCIENCE INTERNATIONAL, 88(4), 2013, pp.249-253
15.FORD, E.S., SCHULZE, M.B., PISCHON, T., BERGMANN, M.M.,
JOOST, H. G., BOEING, H.  Cardiovasc Diabetol., 7:35, 2008; DOI:
10.1186/1475-2840-7-35.
16.ESPOSITO, K., CHIODINI, P., COLAO, A., LENZI, A., GIUGLIANO, D.
Diabetes Care, 35, 2012, p. 2402.
17.ZHOU, J., ZHANG, Q., YUAN, X., WANG, J., SHENG, H., QU, S., LI, H.
Bone, 57(1), 2013, p. 30.
18.TIAN, Y., CHEN, K., XIE, Z., FANG, Y., WANG, H., NIE, Y., HU, D., MU,
Y. BMC Cardiovascular Disorders, 15(66), 2015; DOI 10.1186/s12872-
015-0059-4.
19.OSGOOD, K., KRAKOFF, J., THEARLE, M., Metab Syndr Relat
Disord., 11(3), 2013, p.157.
20.SUI, X., CHURCH, S.T., MERIWETHER, R.A LOBELO, F., BLAIR, S.
N. Metabolism, 57(6): 2008, p.845.
21.ALBERTI, K.G., ZIMMET, P., SHAW, J. Lancet. 366 (9491), 2005, p.1059.
22.NUKI, G., DOHERTY, M., RICHETTE, P. Pol Arch Intern Med., 127(4),
2017, p. 267.
23.*** World Health Organization (WHO). BMI Classification, 2013.
WHO [cited 2014 June 30]. Available from: apps.who.int/bmi/
index.jsp?introPage=intro_3.html
24.REZUS, E., LEON CONSTANTIN, M. M., REZUS, C. Correlations
Between Hyperuricemia and Metabolic Syndrome. Rev. Chim.
(Bucharest), 66, no. 7, 2015, p.1016.

25.ZIAEE, A., ESMAILZADEHHA, N., GHORBANI, A., ASEFZADEH, S.
Global Journal of Health Science, 5(1), 2013, p. 155.
26.LIU, M., HE, Y., JIANG, B., WU, L., YANG, S., WANG, Y., LI, X.
International Journal of Endocrinology. 2014: article ID754678, p.11
http://dx.doi.org/10.1155/2014/754678
27.POPA, E., COMAN, A., TRAIAN, M., PETROVANU, R. Actualitati în
patogenia sindromului metabolic. Rolul PPAR - alpha în modularea
rãspunsului inflamator.  www.academia.edu.
28.POPOVICI, D.S., STOKIC, E., TOMIC-NAGLIC, D., MITROVIC, M.,
VUKOVIC, B., BENC, D., ICIN, T., KOVACEV-ZAVISIC, B. Diabesity.
1(3), 2015, p. 24.
29.VELIMIROVICI, D. E., RADA, M., BERCEANU-VADUVA, D.M.,
VELIMIROVICI, M. D., DRAGAN, S., DUDA SEIMAN, M. D., CIPU, D.,
DUDA SEIMAN, C., STANCU, A., BERCEANU VÃDUVA, M. M.
Rev.Chim.(Bucharest), 69, no. 11, 2018, p.3018.
30.BILLIET, L., DOATY, S., KATZ, J.D., VELASQUEZ, M.T., ISRN
Rheumatology. 2014, Article ID 852954, p. 7.
31.DUSE, A . O., BERCEANU VADUVA, D., NICOLOV, M.,
TRANDAFIRESCU, C., BERCEANU VADUVA, M., CEVEI, M., HEGHES,
A., Rev. Chim.(Bucharest), 68, no. 6, 2017, p.1234.
32.WANG, H.J., SHI, L.Z., LIU, C.F., LIU, S. M., SHI, S. T. Open Med(Wars),
13, 2018, p.172.
33.AGUILAR-ANDRADE, G., ALVAREZ-BANUELOS, T.M., MORALES-
ROMERO, J., FONSECA-REYES, S., MARGOZZINI-MAIRA, P., CARVAJAL-
MORENO, M. Metabolomics (Los Angel.), 8:1, 2018, DOI: 10.4172/
2153-0769.1000197.

Manuscript received: 6.07.2018


