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The purpose of this research is to study the relation between uric acid and the main components of the 
metabolic syndrome (MS) in the examined residents of Aktobe aged 35-49.The study included 40 
patients with metabolic syndrome, who were examined according to the criteria of the International 
Diabetes Federation. The examination included the determination of the presence of MS, abdominal 
obesity, insulin resistance (IR), and the determination of an additional component of MS, which reflects 
the disorder in the level of uric acid purine metabolism in the blood and urine. In patients aged over 45, 
the prevalence of MS and IR was 55% and 60%, respectively. A positive correlation was discovered 
between the level of uric acid in women and BMI (r=0.313), glucose (r=0.490), triglyceride (r=0.323); a 
negative correlation was discovered between uric acid in blood and HDL cholesterol (r=-0.347). We 
discovered an average positive correlation between the level of uric acid in blood in women and the BMI 
(r=0.274), IR indices: glucose (r=0.265), insulin (r=0.494), and systolic and diastolic arterial pressure 
(r=0.294 and r=0.235) as well as a negative correlation with HDL cholesterol (r=-0.389).The number of 
patients with MS increases with age. Purine metabolism disorders may be one of the main factors of 
development of MS in women in the West Kazakhstan Region. Further studies are required to determine 
the reasons behind the correlation between carbohydrate and lipid metabolism and uric acid in women. 
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INTRODUCTION 

The prevalence of metabolic syndrome is 10-
30% of the population over the age of 30. (WHO: 
Global Database on Body Mass Index 1995; 
2000; 2004).  Carbohydrate tolerance, low level of 
high-density lipoprotein cholesterol (HDL 
cholesterol), and arterial hypertension cause the 
development of metabolic syndrome (The Global 
Burden of Metabolic Risk Factors for Chronic 
Diseases Collaboration, 2013) and uric acid 
metabolism disorders (Alberty, Zimmet, 1998)as 
an additional component of the pathogenic basis 
of MS. (WHO, 1999). 

Krizek V.  (1966) noted the increase in uric 
acid in obese patients without gout and its 
decrease with body mass reduction; apparently, 

uric acid metabolism has a metabolic basis of 
relationship with lipid metabolism. The main 
causes of hyperuricemia include excess intake of 
purines with food, ATP metabolism disorder, 
alcohol consumption, tissue hypoxia, increase in 
nucleic acid turnover, and increase in kidney 
reabsorption/decrease in secretion. Uric acid can 
have diabetogenic, hypertensive, and caffeine-like 
effects. 

The process of formation of uric acid from 
xanthine with the participation of xanthine oxidase 
has been proven experimentally. Xanthine-
oxidase-mediated hyperuricemia activates free-
radical oxidation, thus disrupting the secretion of 
insulin in B cells in the islets of Langerhans and 
causing hyperinsulinemia. This increases the 
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tubular reabsorption and activates the 
sympathetic nervous system under the effect of 
induced insulin (Kanbay et al. 2013; Kowalski et 
al. 2009; Van der Berg et al. 2016). MS is one of 
the risk factors for arterial hypertension. 
Discussions about the direct effect of uric acid in 
the development of vascular malformations are 
ongoing; however, there is an assumption that the 
level of uric acid can increase in case of arterial 
hypertension due to a decrease in tubular 
secretion of uric acid (Kaur, 2014; Viitasalo et al. 
2014). 

The basis of MS is insulin resistance with 
compensatory hyperinsulinemia, which enhances 
lipogenesis and suppresses free fatty acid 
oxidation, which, in turn, disrupts lipid metabolism 
with atherogenic dyslipidemia (Bucci et al. 2015; 
DeBoer et al. 2015). 

The disruption of renal blood flow and 
hyperinsulinemia facilitate the development and 
stabilization of hyperuricemia with metabolic 
syndrome. Uric acid assay is a simple and 
inexpensive method in MS diagnostics. 

Previous studies of the correlation between 
the level of uric acid and the main components of 
metabolic syndrome at the population level 
discovered that uric acid metabolism disorder was 
an indicator of hormonal and metabolic shifts (Van 
der Berg et al. 2016; Viitasalo et al. 2014). 
However, such studies have not been conducted 
on the population of Aktobe aged 35-49. This area 
will be developed in the future. 

 
MATERIALS AND METHODS 

                                            
                                                 
      T                                   
                                                 
K                     N            E) with 
metabolic syndrome aged 35-49 via random 
sampling with certain criteria. All patients gave 
their prior written informed consent to their 
participation in the examination. We examined 
patients of reproductive age (35-49). The average 
age of the examined persons was 43.32±4.02 
years. We examined 23 women and 17 men. 
They were divided into three age-based 
categories, with a view to determining the age- 
and hormone-related peculiarities of the 
development of MS. 

MS diagnostics was based on the criteria 
developed by the International Diabetes 
Federation (IDF, 2005); as an arterial pressure 
criterion, we used the classification of WHO, 
1999. The criteria of inclusion in the metabolic 

syndrome research group were as follows: 
abdominal obesity, hyperglycemia, dyslipidemia 
and arterial hypertension, as well as the 
determination of the level of uric acid in blood and 
urine. 

Arterial pressure was measured using an MT-
20 mechanical tonometer (Med-Tex,USA). 
According to the criteria, arterial hypertension was 
diagnosed if SAP/DAP exceeded 140/90 mmHg 
(Kowalski et al. 2009). The degree of obesity was 
determined with the use of the body mass index 
(BMI) according to the Quetelet formula (Krizek, 
1966); signs of abdominal obesity were waist 
              ≥9             ≥                
waist-to-hip ratio >0.9 in men and 0.85 in women 
(NCER ATR III, 2001). 

The waist circumference of men and women 
was measured between the edge of the bottom rib 
and the sacral ilium. An increased level of plasma 
glucose when fasting was considered an index of 
5.6 mmol/L (IDF, 2005), that of insulin – 2.60-
24.90 mcU/ml – reference values of the INVITRO 
laboratory. 

The surrogate variable of insulin resistance 
was determined according to the criteria of the 
European Group for the Study of Insulin 
Resistance (EGIR,2002) with the calculation of 
the HOMA index (Homeostasis Model of 
Assessment — Insulin Resistance,HOMA-IR) 
(Matthews D,1985): [(blood glucose fasting, 
    /L ∙                    U/  )/    ]  IR    
characterized by a HOMA-IR index of >2.77. 

In terms of the lipid spectrum, we examined 
the level of high-density lipoprotein cholesterol 
and triglycerides. In MS diagnostics, HDL 
cholesterol levels of less than 1.0 mmol/L in men 
and 1.2 mmol/L in women, as well as triglyceride 
levels of more than 1.7 mmol/L are significant 
(IDF, 2005). 

In order to assess the purine metabolism, we 
determined the level of uric acid in blood and 
urine. An increase in the level of uric acid in blood 
was diagnosed at over 420 µmol/L in men (N 
reference levels – 210-420 µmol/L) and over 350 
µmol/L in women (N – 150-350 µmol/L), while that 
of uric acid in urine – at over 4.43 µmol/day in 
men and women (N – 1.48-4.43 µmol/day). MS 
has age- and gender-specific peculiarities; this 
was used to determine the levels of sex hormones 
(estradiol - <183 pmol/L; testosterone - <11.4 
nmol/L). 

Biochemical analyses and the levels of uric 
acid in urine were measured using the Architect 
c8000 analyzer (Abbott, USA). The control group 
included 31 persons without relevant diseases 
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(average age – 41.12±3.5 years). Statistica 10.0 
software (StatSoft, USA) was used for the 
statistical processing of the material. 
 
RESULTS  

Changes in the intactness and carbohydrate, 
lipid, and protein metabolism were discovered in 
the examined persons. 

When analyzing the incidence of MS and IR, 
we found that it increased with age. For instance, 
in the 45-49 age group, it was two times higher 

than in the 40-44 age group; when compared to 
the 35-39 age group, this figure was 3.1 and 6 
times greater, respectively (Figure 1). 

Alongside the main components of MS, the 
examined patients had increased uric acid levels. 
The main indices of metabolic syndrome did not 
differ significantly between men and women, while 
the level of uric acid tended to increase by 20% 
on average in both men and women when 
compared with reference values (Table 1). 

 
Figure 1. Presence of MS and IR in various age groups. 

 
Table 1. Characteristics of patients with metabolic syndrome  

Indicator Patients 

Total (n=40)  Women(n=23)  p  Men(n=17)  p  

Age, years  43.32±4.02  43.23±4.16 0.04  42.40±4.34 0.09  

BMI, kg/m
2
 31.55±0.75 32.60±0.64 6.16  31.80±0.86 5.67  

Glucose, fasting, mmol/L  6.01±0.05 5.92±0.60 0.06  6.10±0.40 0.18  

Insulin,mcU/ml 26.52±2.41 26.78±2.12 0.06 26.26±2.70 0.06 

HOMAindex 
(glucose•insulin)/22.5  

7 7 0.00 7.1 0.00 

TG, mmol/L  2.62±3.66 2.67±2.85 0.01  2.57±0.81 0.02  

HDL cholesterol, mmol/L  0.94±0.22 1.00±0.28 0.27  0.89±0.17 0.79  

AP, mmHg: 
systolic/diastolic 

142.55±4.18/ 
91.25±2.70 

141.7±3.87/ 
91.80±3.31 

0.13  
0.03  

143.41±4.50/ 
90.7±2.10 

0.01  
0.01  

Uric acid in blood, 
µmol/L  

401.81±34.83 363.92±14.06 1.05  437.7±55.6 1.68  

Uric acid in urine, 
mmol/day  

4.85±1.42 4.92±0.90 0.15  4.79±1.94 0.29  

Note: Norm of TG ≥ 1.7 mmol/L; HDL cholesterol - < 1.0 in men and < 1.2 mmol/L in women; glucose - ≥ 5.6 mmol/L. 
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The discovered increase in the level of uric 

acid over 420 µmol/L in men and 350 µmol/L in 
womenwas not accompanied by an increase in 
the initial arterial hypertension. We discovered 
hyperuricemia in MS patients without arterial 
hypertension in both men and women. 

The comparison of MS indicators in the 
examined persons and the control group found 
that BMI in kg/m

2
 in the examined patients 

increased by 1.3 times, while the glucose level 
increased by 1.2 times. In terms of insulin 
resistance indices, the insulin level and the HOME 
index increased by up to 1.8 times; triglycerides – 
by up to 2.1 times; HDL cholesterol decreased to 
1; systolic and diastolic AP increased by 10 and 9 
mmHg, respectively. The level of uric acid in blood 
and urine increased by 1.4 and 1.3 times with 
statistical significance (p<0.05) (Table 2). 

Since the examined patients had an increased 
level of uric acid (both men and women), a 
correlation analysis was conducted. In women, 
the analysis discovered an average positive 
correlation between uric acid and MBI (r=0.313), 
glucose (r=0.490), and triglyceride (r=0.323), as 
well as a negative correlation between the level of 
uric acid in blood and HDL cholesterol (r=-0.347). 
In addition, the analysis showed an average 
positive correlation in women between the level of 
uric acid in urine and BMI (r=0.274) and IR 
indicators: glucose (r=0.265), insulin (r=0.494), 
and systolic and diastolic AP (r=0.294 and r=-

0.235, respectively), as well as a negative 
correlation with HDL cholesterol (r=-0.389) (Table 
3). 

A statistically significant increase in AP (up to 
142.55±4.18/91.25±2.70 mmHg versus the control 
group, p>0.05) was discovered in all patients. 

The average BMI of men was 31.8±0.86 
kg/m

2
. Arterial pressure (systolic/diastolic) was 

increased – 143.41±4.5/90.7±2.1 mmHg. Blood 
glucose level – 6.1±55.6 µmol/L. Insulin – 
26.26±2.70 mcU/lm. Uric acid concentration in 
blood – 437.7±55.6 µmol/L, in urine – 4.49±1.94 
mol/day. The HDL cholesterol level dropped to 
0.89±0.17 µmol/L. The concentration of 
triglycerides increased to 2.57±0.81. However, no 
correlation was found between changes in the uric 
acid levels and the main components of MS 
(Table 4). 

Metabolic indicators of carbohydrate, lipid, 
and protein (deoxyribonucleo protein and 
ribonucleo protein) metabolism changed. The 
results of hormonal activity were as follows: 
estradiol and testosterone (except insulin) levels 
did not change, which is why the respective 
figures are not mentioned. Apparently, this fact 
has a regional and ethnic basis. The metabolic 
basis that is related to the diet of the members of 
the local ethnic group has not been figured out 
yet. This is the topic of follow-up studied. 
 

Table 2. Characteristics of patients with metabolic syndrome and control group patients 
 

Indicator  Patients  

Total (n=40) Control group(n=31)  p  

Age, years  43.32±4.02 41.12±3.50 0.384 

BMI, kg/m
2
 31.55±0.75 24.11±1.04 6.018 

Glucose, fasting, mmol/L  6.01±0.05 4.81±0.57 2.08 

Insulin,mcU/ml 26.52±2.41 17.97±1.36 3.33 

HOMAindex 
(glucose•insulin)/22.5  

7 3.8 0.00 

TG, mmol/L  2.62±3.66 1.20±1.01 0.44 

HDL cholesterol, mmol/L  0.94±0.22 1.76±0.24 2.56 

AP,mmHg: 
systolic/diastolic 

142.55±4.18/ 
91.25±2.70 

132.0±4.76/ 
82.09±2.50 

2.31 

Uric acid in blood, 
µmol/L  

401.81±34.83 268.19±67.23 5.78 

Uric acid in urine, 
mmol/day  

4.85±1.42 3.73±2.20 0.78 

 
 
 
 



Aringazina et al.                                                                                                                   Obesity and trioxipurine 

 

    Bioscience Research, 2017 volume 14(4): 1120-1127                                                             1124 

 

 
 
Table 3. Correlation between uric acid in the blood and urine in women and the main components 
of MS 

Main MS components  Index 
(n=23)  

Uric acid in blood 
363.92±14.06 
µmol/L (n=23), r  

Uric acid in urine 
4.92±0.90mol/day (n=23), 
r  

BMI, kg/m
2
 32.60±0.64 0.313 0.274 

Glucose,fasting,mmol/L  5.92±0.60 0.490 0.265 

Insulin,mcU/ml 26.78±2.12 0.138 0.494 

TG, mmol/L  2.67±2.85 0.323 0.096 

HDL cholesterol, 
mmol/L  

1.00±0.28 -0.347 -0.389 

AP, mmHg:  141.7±3.87/ 
91.80±3.31 

0.002/ 
0.026 

0.294/ 
0.235 

 
Table 4. Correlation between uric acid in the blood and urine in men and the main components of 

MS 

  Main MS components  Index 
(n=17) 

Uric acid in blood 
437.7±55.6 µmol/L 
(n=17), r  

Uric acid in urine 
4.79±1.94mol/day (n=17), 
r  

BMI, kg/m
2
 31.80±0.86 0.138 0.015 

Glucose,fasting,mmol/L  6.10±0.40 0.165 0.023 

Insulin,mcU/ml 26.26±2.70 0.122 0.068 

TG, mmol/L  2.57±0.81 0.187 0.165 

HDLcholesterol, mmol/L  0.89±0.17 -0.156 -0.015 

AP, mmHg:   143.41±4.50/ 
90.7±2.10 

0.135 0.026 

 
 
DISCUSSION 

According to the WHO, the incidence of MS 
among men under the age of 40 is 18.6%, while 
among men aged 40-55 – 44.4%. Among women, 
the incidence of MS is lower: 7.3% of women 
under the age of 45 and 20.8% in women aged 
40-50. The increase in the level of MS without 
apparent clinical symptoms with age (Figure 1) is 
in line with the WHO data. The Framingham Heart 
Study found a gradual increase in the frequency 
of metabolic changes in women between the ages 
40 and 50, which was related to the termination of 
the ovaries function and subsequent development 
of sex hormone deficiency. Furthermore, 
carbohydrate metabolism disorders depend on 
genetic predispositions, the diet, and physical 
activity. These factors, in turn, increase the body 
and fatty tissue mass (Raghavan et al. 2015; 
Navarro Lechuga et al.2016), thus reducing the 
reactions of insulin-sensitive tissues to the 
physiological concentrations of insulin and 
increasing appetite by activating the sympathetic-
adrenal system, which increases AP and causes 
dyslipidemia and obesity (Martini, Borges, 

Guedes, 2014; Cabrera-Rode et al. 2017). 
Therefore, the herein discovered increase in MS 
and IR prevalence with age, especially among 
women, was an expected and natural 
phenomenon (Figure 1). 

In the examined patients, the discovered BMI 
increase equaled 31.55±0.75 kg/m

2
 (Table 2), 

which corresponded with first-degree obesity, 
which is caused by overeating and the growth of 
the number of visceral cells of the fatty tissue. An 
excessive pool of adipocytes forces the loose 
connective tissue to realize its biological reaction 
of programmed death similar to apoptosis on the 
autocrine level (Bucci et al. 2015; Chen et al. 
2015; Bustos et al. 2016). The emerging 
endogenous phologogens activate the biological 
reaction of endoecology and inflammation. In 
paracrine communities, loose connective tissue 
cells enhance the synthesis of primary humoral 
mediators of the biological reaction of 
inflammation of pro- and anti-inflammatory 
interleukins and the function of toll-like receptors. 
At the same time, they initiate the systemic 
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inflammatory response syndrome, the 
compensatory anti-inflammatory protection 
syndrome, and the synthesis of secondary 
mediators of the biological reaction of 
inflammation of acute-phase proteins (Bustos et 
al. 2016; Brozinick et al. 2013). This metabolic 
situation is the basis of the genesis of 
hyperuricemia with metabolic syndrome. 
Apoptosis and the biological reaction of 
inflammation are energy-intense processes. The 
intensive use of energy-rich molecules (tri- and di 
-nucleotides) ends with the formation of 
nucleosides and nitrogenous bases (adenosine 
and guanosine – the main predecessors of uric 
acid). 

In insulin resistance conditions, the main 
source of energy (reactive oxygen species) is 
oleic acid (Titov et al. 2016a; 2016b; Macrae et al. 
   3)  I          MS              ―          
                 ‖                                 
oxygen species, alongside uric acid, and expect 
the development of hyperuricemia in the kidneys. 
The development of hyperuricemia with MS is 
related to hyperinsulinemia and the effect of the 
sympathetic nervous system (Kanbay et al. 2013; 
Van der Berg et al. 2016; Kaur, 2014). We did not 
measure oleic acid, but, considering the 
pathogenic bases of MS, we decided to address 
this issue. 

Among unsaturated fatty acids, the highest 
rate of mobilization is that of monounsaturated 
fatty acid (oleic acid), which comes from visceral 
fatty acids of the omentum(Bucci et al. 2015; Titov 
et al. 2016a, 2016b; Macrae et al. 2013). The 
energy of reactive oxygen species that is 
              β-oxidation of oleic acid is used 
primarily to realize six biological functions. Titiv 
V.N. et al. studied the in vivo formed palmitate 
variant of fatty acid metabolism (with MS, this 
metabolic function is assumed) and stated the 
need for a shortage of the metabolic substrate 
(oleic acid) for the synthesis of reactive oxygen 
species with the development of a constant deficit 
of energy for the performance of biological 
functions. Based on the above, we set forth the 
                  ―M                         eate 
           )‖  T     et al. 2016b; Macrae et al. 
2013). 

It is worth noting that the deficiency of an 
active (primary) captor of reactive oxygen species 
(oleate) can trigger the genesis of hyperuricemia 
(one of the emergency captors of reactive oxygen 
species). 

Study of Van der Berg J. (2016) detected MS 
in 7.3% men aged 23-55 and women under the 

age of 40. In our study, we determined MS in men 
and women aged 35-49. 

The correlation between uric acid and the 
indices of carbohydrate and lipid metabolism, as 
well as IR in women differed from the results of 
other researchers (Kurshakova et al. 2009). This 
difference may be caused by regional features 
and diets; otherwise, we believe that 
                                    ―          
                        ‖                     
―      ‖                             T   
development of arterial hypertension in the 
examined patients is explained by endothelial 
dysfunction and oxidative stress caused by hyper 
insulinemia (Kanbay et al. 2013; Kowalski et al. 
2009). 

We detected changes in the levels of lipids in 
blood, which reflect the enhancement of lipolysis 
with metabolic syndrome, in our previous 
examination of patients with ischemic heart 
disease (Aringazina, Bekkuzhin, 2016).Presently, 
it has been show that the concentration of uric 
acid in the blood correlates reliably with the 
severity of abdominal obesity and 
hypertriglyceridemia (Li et al. 2009). 

The biochemical basis of this correlation is the 
synthesis of the purine nucleus de novo from 
ribose-5-phosphate that forms during the pentose 
oxidation of glucose, which, in turn, activates by 
the enhanced synthesis of fatty acids (Kanbay et 
al. 2013; Bucci et al. 2015; DeBoer et al. 2015; 
Macrae et al. 2013). The disruption of purine 
metabolism can play an important role in the 
pathogenesis of the clinical symptoms of MS. The 
metabolic basis of imbalance with regard to 
hormonal peculiarities (estradiol and testosterone) 
of palmitate and oleic acid in case of metabolic 
syndrome is still up for discussion. 
 

CONCLUSION 
The prevalence of MS and IR in the examined 

patients did not exceed that of the control group. 
MS was discovered in all studied patients; the 
incidence of MS and IR in age groups over the 
age of 45 increased by 55% and 60%. The 
discovered correlation between the level of uric 
acid and BMI and indicators of carbohydrate and 
lipid metabolism and IR, especially in women, 
may be one of the main factors that characterize 
the development of MS in women who live in the 
West Kazakhstan Region. The determination of 
the reason behind the correlation between 
carbohydrate and lipid metabolism and the level of 
uric acid in women will be the subject of a follow-
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up study. 
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