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Abstract 

Serum uric acid (SUA) is considered as a component and a marker of metabolic syndrome (MetS). Our aim is to 

investigate the prevalence of hyperuricemia and its relationships to MetS and its components such as hypertension 

(HTN), glucose intolerance, obesity and hyperlipidemia among Sudanese population. 

Method: This is a descriptive cross sectional study, held in Khartoum State, Sudan. The study was performed with a 

sample of 219, adults, attending the clinics set by the Sudanese Society of Hypertension on the occasion of the 

International day of hypertension from 2015 to 2016. Using World Health Organization WHO) definition, direct 

measurements were obtained for metabolic syndrome components; anthropometric screenings included: measurement 

of height, weight, and body mass index (BMI). The clinical and biochemical screenings included: measurement of blood 

pressure (BP) and determination of fasting lipid profile, glucose concentrations and serum uric acid. 

Results: This study enrolled 219 participants aged 18 – 75 year. MetS prevalence was 25.1 % among the entire group, 

(41.8% males, & 58.1% females). Hyperurecemia was detected in (41.1%) among the study group (52.2 % males, 47.7% 

females P >0.05). 60% of the MetS cases were found to suffer from Hyperurecemia. (P < 0.01). In the overall group, SUA 

concentrations ranged from 3.0 – 12.0 mg/dl, with a mean of 6.0 ±1.7 mg/dl.  

Hyperurecemia was significantly positively correlated with BMI (r=.226, p= .001), triglyceride (r= .247, p=.000), and 

cholesterol (r= .184, p=.007).  

Conclusion: Hyperuricemia was highly prevalent among Sudanese population. Additionally, for those with 

hyperuricemia, the odds ratios (95% CI) for metabolic syndrome were 3.61 (95% CI, .591~ .749) and for fasting blood 

glucose 0. 478 (95% CI, .392~.593). SUA can be considered as a better predictor of metabolic syndrome than fasting 

glucose, though not as good as hyperlipidemia and obesity. 
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Abbreviations: SUA: Serum uric acid; MetS: Metabolic 
Syndrome; HTN: Hypertension; BMI: Body Mass Index; 
BP: Blood Pressure; WHO: World Health Organization; 
RAAS: Rennin-angiotensin Aldosterone System; SSH: 
Sudanese Society of Hypertension; SBP: Systolic Blood 
Pressure; HDL: High Density Lipoprotein. 
 

Introduction 

Serum uric acid (SUA) is the end metabolite product of 
purine degradation [1], and is the most abundant anti-
oxidant in human plasma [2], as it protects against free-
radical oxidative damage [3]. 

 
Serum uric acid is often elevated in subjects with 

Metabolic Syndrome (MetS) as a compensatory 
mechanism to counteract the increased oxidative stress 
under the circumstances of metabolic syndrome [4]. The 
associations between hyperuricemia and MetS 
components such as obesity, raised BP, hyperlipidemia, 
and glucose intolerance have been reported in many 
previous studies [5-7]. So, hyperuricemia is considered by 
some investigators to be a component and a marker of 
metabolic syndrome [8,9]. Prevalence of metabolic 
syndrome has recently increased in developing countries. 
It has been estimated that approximately 10 %-30 % of 
the world’s adult population suffer from MetS [10]. All 
these studies granted that the prevalence of the MetS is 
highly age dependent and the highest prevalence among 
women compared to men [10]. In Sudan the Prevalence 
rates of metabolic syndrome using WHO criteria was 6.1 
% among young adults [11]. Hyperuricemia was reported 
in 25–40 % of untreated hypertensive and 75% of 
malignant hypertensive patients [12]. Hyperuricemia 
causes hypertension through pathways that are involved 
in reduction of nitric oxide synthase in the macula densa 
of the kidney, stimulation of rennin-angiotensin -
aldosterone system (RAAS), and reduction of renal 
perfusion. Importantly, each of these effects was 
ameliorated by uric acid lowering drugs [13]. Uric acid is 
a product of glucose metabolism that is filtered by 
glomeruli and reabsorbed by the proximal tubule. Greater 
serum concentrations of insulin cause higher renal 
reabsorption of uric acid, and increasing serum 
concentrations of uric acid [14]. However the relation 
between uric acid and blood glucose is controversial 
[15,16]. 
 

Methodology 

This is a descriptive cross sectional study carried out 
in Umbada area, Khartoum State, Sudan, in Sudanese 

adults attending the clinics set by the Sudanese Society of 
Hypertension (SSH) on the occasion of the International 
Day of Hypertension in the period from January 2015 to 
February 2016. Total number of the study group was 219, 
(111 males and 108 females). Informed consent was given 
verbally by the respondents after research objectives 
were clearly discussed with them. Random selection was 
the sampling technique adopted for this study. 

 
The prevalence of MetS was assessed on the basis of 

the WHO criteria [17]. It comprises diabetes mellitus or 
an impaired fasting glucose of ≥110 mg/dl, in addition to 
two of the following features:  

 
 BMI >30 Kg/m2.  
 Hypertriglyceridemia with TG >150mg/dl;  
 HDL-C <35 mg/dl for men and <39 mg/dl for women;  
 High BP >140/90 mm Hg or documented evidence of 

anti-hypertensive therapy. 
 

Hyperuricemia is defined as serum uric acid level ≥7 
mg/dl (in men) or ≥6.0 mg/dl (in women) [18]. Body 
weight was measured to an accuracy of 0.1 kg using a 
standard balance scale manufactured by Microlife®, 
Switzerland. Subjects were barefoot and wearing light 
indoor clothing. Body height was recorded to the nearest 
0.5 cm using a ruler attached to the wall without shoes. 
BMI was obtained through body weight (kg) divided by 
the square of their height (m). The definition of BMI used 
in this study is the same as the definition of world health 
organization [17] which is: Underweight<18.50, 
Normal18.50 – 24.99, overweight≥25 obese≥30. Blood 
pressure was measured using sphygmomanometers with 
subjects seated in a chair with arm at the level of the 
heart. Standard mercury sphygmomanometer was used 
with regular adult cuff size. Systolic and diastolic blood 
pressure was considered as Korotkoff’s phases 1 and 5 
respectively. The BP was measured again after a 5-min 
rest and the average BP was used in the analysis. For this 
study, hypertension was defined as systolic blood 
pressure (SBP) ≥140 mmHg, or diastolic blood pressure 
(DBP) ≥ 90 mmHg. Biochemical assessment done using 
fasting blood samples collected intravenously using 5ml 
sterile syringes in anticoagulant-containing sterile 
containers. Samples were then centrifuged at 3000rpm 
for 5minutes and plasma was separated and biochemical 
parameters were measured using enzymatic colorimetric 
assay. Samples were analyzed using the same colorimetric 
device (Jenway bench colorimeter 6051- UK) and the 
same chemical reagent kit (Bio systems-Germany). 
Plasma uric acid, glucose, total cholesterol, triglycerides, 
and high density lipoprotein (HDL), were assayed using 
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spectrophotometric technique and enzymatic endpoint 
kits from Bio-system Company. LDL concentration 
calculated using Friedwald formula. SPSS (version 20) 
was used for analysis of data. t-test was used for 

comparison of variables of the test group and the control 
group. Pearson’s correlation was used for assessment of 
correlation between variables. P. value ≤ 0.05 was 
considered significant. 

 

Results 

 
Normal Serum Urate 

N =129 (58.9 %) 
Hyperuricemia 
N=90 (41.0 %) 

P value 

M/F (N) 72/84 39/24 0.024 
Age 

(mean years ± SE) 
49.2 ± 1.6 49.3 ± 1.1 0.6 

MetS 55 (N & %) 22 (40 %) 33 (60%) 0 
BMI (mean ± SE) 26.5 (± .45) 29.3 (± .73) 

 
 <18 underweight (N=7) (%) 100 0 

 
 18.1-24.9normal (N=69) (%) 81 18.8 0.001 

 25-29.9overweight (N=84) (%) 65.4 34.5 
 

 ≥ 30 obese (N=59) (%) 57.6 42.3 
 

Cholesterol (mean ± SE) 204 (± 4.1) 225 (± 7.0) 0.007 
Triacylglycerol (mean ± SE) 136 (± 5.4) 174 (± 9.3) 0 

Fasting blood glucose (mean ± SE) 147 (±6.0) 129 (± 7.3) 0.07 
Uric acid (mean ± SE) 5.3 (± 0.08) 8.3 (± .14) 0 

HDL (mean ± SE) 18.5 (±0.66) 19.1 (±1.5) 0.67 
LDL (mean ± SE) 160.6 (± 3.9) 166.7 (± 6.4) 0.8 

Systolic BP (mean ± SE) 126.7 (±1.4) 131.7 (±2.3) 0.061 
Diastolic BP (mean ± SE) 81.7 (±13.9) 84.7 ( ± 1.6) 0.103 

Table 1: General characteristics of the study group classified according to serum uric acid level. 
 

 
 

Males (111) Females (108) P value 

High TG >150 mg/dl 
N= 70 (31.9%) 

35 (31.5%) 35 (32.4%) 0.889 

High FBG ≥110mg/dl 
N= 139 (67.3%) 

67 (60.3%) 72 (66.6 %) 0.333 

Hyperurecemia; N= 90 (41.0 %) 

≥7 mg/dl (in men) 
≥6.0 mg/dl (in women) 

46 (41.4%) 44 (40.7%) 0.916 

BMI ≥30; N=62 (28.3%) 25 (22.5%) 37 (34.2%) 0.05 
Low HDL-C: N= 185 (84.4%) 

<35 mg/dl for men 
<39 mg/dl for women 

91 (81.9%) 94 (87.0%) 0.302 

High Systolic BP >140mm N=113 (51.5%) 59 (53.1%) 54 (50%) 0.641 
High Diastolic BP >90 mm 

N=89 (40.6%) 
48 (43.2%) 41 (37.9%) 0.426 

High BP >140/90 mm Hg 
N=54 (24.6%) 

28(25.2%) 26 (24.0%) 0.843 

Table 2: The percentage of abnormal/high metabolic syndrome components categorized by gender. 
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BMI FBG TG cholesterol SBP DBP 

Hyperurecemia 0.226 -0.122 0.247 0.184 0.128 0.112 

Sig. (2-tailed) 0.001 0.077 0 0.007 0.061 0.103 

BMI 
 

-0.096 0.192 0.021 0.307 0.366 

Sig. (2-tailed) 0.17 0.006 0.763 0 0 

FBG 
  

0.001 0.125 -0.049 -0.048 

Sig. (2-tailed) 0.988 0.068 0.478 0.486 

TG 
   

0.381 0.193 0.135 
Sig. (2-tailed) 0 0.005 0.05 

cholesterol 
    

0.006 -0.046 

Sig. (2-tailed) 0.931 0.5 

SBP 
     

0.718 

Sig. (2-tailed) 0 

Table 3: Correlation between hyperurecemia and metabolic syndrome components.  
 

 

 

Figure 1: ROC curve of TG, SBP, cholesterol, BMI, FBG 
and SUA in relation to the presence of MetS. 

 
 

Discussion 

In the present study, we assessed the association 
between hyperurecemia and different parameters of 
metabolic syndrome in a population of Sudanese adults. 
Our study comprised 219 adults, 111 male and 108 
female with male to female ratio 1: 1, their mean age was 
49.3 years (± SD 13.7) ranging between 18 and 75 years.  

 
Using WHO criteria MetS was detected among 55 

(25%) of our study group. In relation to other studies the 
prevalence of metabolic syndrome was found to be 21%, 
24.3%, 33.9%, 34.7%, 36.3%, 37.0% among Saudi 
,Tunisia, Turkish Iranian, Jordanian and Palestinian adults 
respectively [19].  

The high prevalence of MetS among our study group 
may be related to high exposure to westernized foods and 
eating habits together with lower socioeconomic status 
and poorer health awareness [19]. The gender differences 
in prevalence of MetS have been found in several studies 
[20,21]. Our results showed that MetS was more 
prevalent among women (58%) than men (41.2%) . It 
might be due to different cut-off points set as criteria for 
MetS finding or related to the higher incidence of obesity 
among women [22]. In our population hyperuricemia was 
detected in 41.0 % which is considered high in relation to 
Brazilian [23], Chinese [24], and Kuwait populations [25], 
13.2%, 13.7 % and 24.9 % respectively. In Sudanese, 
hyperurecemia may be due to overproduction of uric acid 
caused by increased consumption of carbohydrate as it 
represents 65.7 % of average daily intake of the Sudanese 
meals [26]. This high intake of fructose and sucrose may 
explain the rise in obesity as 53.9 % of the Sudanese 
population are considered as overweight or obese [27]. In 
our group, overweight and obesity were detected in 
65.8%. The high prevalence of obesity may be explained 
by the accelerated urbanization that has been 
accompanied by nutrition transition, resulting in lower 
levels of physical activity, and the exchange of traditional 
foods high in complex carbohydrates for new foods high 
in refined carbohydrates [28]. 

 
Among the hyperurecemic group, MetS was detected 

among 60%. In agreement with our results, 
hyperuricemia was found to be strongly associated with 
metabolic syndrome components such as BMI, 
triacylglycerol and cholesterol [29]. Hyperurecemia may 
be partially responsible for inflammatory imbalances in 
adipose tissues that lead to low-grade inflammation and 
insulin resistance [30]. Also metabolic syndrome may 
cause nucleic acid metabolism abnormalities, which 
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stimulate adenosine monophosphate (AMP) deaminase 
that produce uric acid which promotes fat storage and 
insulin resistance [31]. 

 
 Uric acid is considered as one of the major factors that 

raises blood pressure by stimulating intracellular 
oxidative stress and activation of NADPH oxidase in the 
cytosol and mitochondria [32,33]. 24.7 % of our patients 
were hypertensive; hyperurecemia was detected among 
48.1% of the cases.  

 
Hyperuricemia may induce insulin resistance causing 

vasodilatation and increase blood flow that interfere with 
the action of nitric oxide, which facilitates glucose 
absorption [34], other results suggest that hyperurecemia 
is caused by hyperinsulinemia acting on the renal tubules 
to facilitate the reabsorption of uric acid [35,36]. In 
contrast to these studies we found a non significant 
negative correlation between fasting blood glucose (P=. 
061) and serum uric acid. 

 
In conclusion, the findings of this study strongly 

emphasize that, hyperuricemia is highly prevalent among 
Sudanese population.SUA can be considered as a better 
predictor of metabolic syndrome than fasting glucose, 
though not as good as hyperlipidaemia and obesity. 
 
 
 

Ethical Consideration 

Written informed consent was obtained from the 
respondents before entry into the study according to the 
guidelines of the Ethical Committee of college of medicine, 
Alneelain University. 
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