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Background: Previous studies showed variable estimate of the prevalence of hyperuricemia in patients with type 2 diabetes mellitus 
(T2DM). The prevalence of hyperuricemia and associated risk factors in Jordanian patients with T2DM is largely unknown. Therefore, 
this study aimed to determine the prevalence of hyperuricemia and its associated factors in Jordanian patients with T2DM.
Methods: A cross-sectional study was conducted on 655 patients with T2DM. A structured questionnaire was used to collect socio- 
demographic data. In addition, records of the study subjects were reviewed to obtain other clinical data. Weight, height, and waist 
circumference were measured, and body mass index was calculated. Lipid profile, serum uric acid and glycated haemoglobin were 
analysed. The study was conducted in accordance with the Declaration of Helsinki. An informed written consent was obtained from 
each participant. The confidentiality of the information was assured and only used for scientific purposes.
Results: Overall, the prevalence of hyperuricemia was 28.1%. Female gender (OR: 2.37; 95%, CI: 1.63–3.45), intake of angiotensin- 
converting enzyme (ACE) and angiotensin-II receptor blockers (ARBs) (OR: 1.68; 95%, CI: 1.12–2.50), intake of β-blockers (OR: 
2.20; 95%, CI: 1.51–3.22), increased waist circumference (OR: 3.17; 95%, CI: 1.39–7.22) and family history of hyperuricemia (OR: 
2.56; 95%, CI: 1.57–4.16) were associated with increased odds of hyperuricemia.
Conclusion: Hyperuricemia was high among type 2 diabetic patients, and screening test will be useful for those patients.
Keywords: uric acid, hyperuricemia, diabetes mellitus

Introduction
Uric acid is a product of the metabolic degradation of purine nucleotides and is excreted largely by the kidneys and has 
been associated with the incidence of gout and kidney stones.1,2 Hyperuricemia is defined as SUA concentrations of 
greater than 7.0 mg/dl in men, greater than 6.0 mg/dl in women and greater than 5.5 mg/dl in children.2,3

Causes of hyperuricemia can be classified into two functional types: increased production of uric acid and decreased 
excretion of uric acid. Causes of increased production include high levels of purine in the diet and increased purine 
metabolism. Causes of decreased excretion include kidney disease, certain drugs, and competition for excretion between 
uric acid and other molecules. Mixed causes include high levels of alcohol and starvation.3,4

Observation established that high levels of UA are predictive of diabetes,6 obesity and metabolic syndrome.2 

Although much of the literature addresses the association of hyperuricemia with hypertension, and renal disease,5–7 

the role of uric acid in diabetes risk remains controversial. Insulin resistance is a principal component that is affiliated to 
hyperuricemia and further development of metabolic syndrome. Hyperuricemia may advance metabolic syndrome by 
inducing endothelial dysfunction and also through activating pro-inflammatory pathways.2

Serum uric acid (SUA) level has been suggested to be associated with risk of type 2 diabetes. Biologically, uric acid 
(UA) plays an important role in worsening of insulin resistance in animal models by inhibiting the bioavailability of 
nitric oxide, which is essential for insulin-stimulated glucose uptake.6 Many studies were conducted to estimate the 
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prevalence of hyperuricemia in patients with type 2 diabetes mellitus (T2DM). The prevalence was 32.6% in Chinese 
patients with T2DM,8 33.6% and 25.3% in Indian patients,9,10 33.8% in Ethiopian patients2 and 25.3% in Nigerian 
patients.11

Previous studies have also determined the risk factors of elevated SUA, including female gender,2 intake of certain 
medications such as antihypertensive drugs,12 diet,13 family history of hyperuricemia, obesity and central obesity.14,15

To the best of our knowledge, the prevalence of hyperuricemia and associated risk factors in Jordanian diabetic 
patients has not been investigated. Therefore, this study was conducted to determine the prevalence of hyperuricemia and 
its associated factors in Jordanian patients with T2DM.

Methods
A cross-sectional study was conducted from 1 October 2017 to 1 February 2018 on patients with T2DM attending the 
National Centre of Diabetes, Endocrinology and Genetics (NCDEG) in Jordan. The study included 655 patients with 
T2DM. This study was reviewed and approved by the research ethics committee at NCDEG. Informed consent was 
obtained from all participants. The privacy of participants was respected and identifying information was kept strictly 
confidential. Exclusion criteria included type 1 diabetes, chronic renal diseases, use of loop diuretic drugs, cancer, 
autoimmune diseases, gout, children and adolescents, hypothyroidism and pregnancy.

The data were collected from the patient’s medical files and structured questionnaire-interviews. Weight and height 
were measured during the clinic visit. Height was recorded to the nearest 0.5 cm using a stadiometer, with the subject in 
standing position and without shoes. Body weight was recorded to the nearest 0.1 kg, using a calibrated scale. Body mass 
index (BMI) was calculated as weight (kg) divided height squared (m)2: normal if MBI 18.5–24.99 kg/m2, overweight if 
BMI 25–29.9 kg/m2, obese if BMI ≥ 30 kg/m2. Waist circumference (WC) was measured and considered normal in 
women if less than 80 cm, and in men if less than 94 cm.16

According to the American Diabetes Association (ADA) 2016 guidelines, diabetes mellitus was diagnosed if the patient 
had an FPG ≥ 126 mg/dL (7.0 mmol/L) in two occasions or if the patient had a random plasma glucose ≥200 mg/dL (11.1 
mmol/L) in the presence of classical symptoms of hyperglycemia, or if he or she had HbA1c ≥6.5%.17

Dyslipidaemia was defined according to the American Diabetes Association 2016 as follows17: total cholesterol 
level (TC) ≥200 mg/ dl, high-density lipoprotein cholesterol (HDL) <40 mg/dl for males, high-density lipoprotein 
cholesterol (HDL) <50 mg/dl for females. LDL cholesterol is considered elevated when the level ≥100 mg/dl. 
Triglyceride considered elevated when serum TG level is ≥150 mg/dl, or if the patient is on specific medication for 
any of them.

Blood pressure was measured by trained nursing staff using validated automated device OMRON® with an appro-
priate cuff size while patients sat quiet with both arms outstretched and supported. Hypertension is defined as systolic 
blood pressure (SBP) ≥140 mm of mercury and/or diastolic blood pressure (DBP) ≥90 mm of mercury.17

HbA1c was measured by Bio-Rad VARIANT II TURBO HbA1C Kit −2.0 which utilizes the principles of ion- 
exchange high performance liquid chromatography (HPLC).

Serum uric acid (SUA) was measured using an enzymatic colorimetric method by Roche/Hitachi cobas c 501 
analysers (Indianapolis, Germany). High-density lipoprotein cholesterol (HDL), total cholesterol, triglycerides and low- 
density lipoprotein cholesterol (LDL) were measured using homogeneous enzymatic colorimetric assay by Roche/Hitachi 
cobas c 501/701 analysers (Indianapolis, Germany).

Analyses were carried out using the Statistical Package for Social Science (SPSS version 21, Chicago, Illinois). 
Categorical variables were described using percentages. Chi-square test was used to compare percentages. Multivariate 
analysis using binary logistic regression analysis was conducted to determine the association between hyperuricemia and 
studied variables. A p-value of <0.05 was considered statistically significant.

Results
A total of 655 subjects were enrolled in this study. The prevalence of hyperglycaemia was 28.1%. Table 1 shows the 
prevalence of hyperuricemia according to demographic, clinical and anthropometric characteristics of the study 
participants.
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The prevalence was significantly higher among females when compared to males (38.6% vs 16.1%; p<0.0001) and 
higher among patients 60 years old or older compared to those aged less than 60 years (35.6% vs 22.9%; p=0.001). 
Hyperuricemia was significantly higher among non-smokers compared to smokers (30.8% vs.16.8%; p=0.002). Moreover, 
the prevalence of hyperuricemia was significantly higher in obese subjects compared to overweight and normal subjects 
(32.8% vs 19.0% and 18.6%; p=0.001). The prevalence of hyperuricemia was also higher among study subjects with a family 
history of hyperuricemia as compared to study subjects with no family history of hyperuricemia (39.6% vs 42.1%; p=0.003). 
It was also significantly higher in subjects with an high waist circumference (35.8% vs 18.7%; p=0.002).

Table 1 The Prevalence of Hyperuricemia According to Demographic and 
Anthropometric Characteristics of the Study Participants

Variables Hyperuricemia P

Yes No
N (%) N (%)

Gender
Male 49 (16.1) 256 (83.9) <0.001
Female 135 (38.6) 215 (61.4)

Age (years)
<60 89 (22.9) 299 (77.1) 0.001
>60 95 (35.6) 172 (64.4)

Education level
Secondary or less 49 (31.6) 106 (68.4) 0.199
High school 60 (31.7) 129 (68.3)
Diploma 29 (24.6) 89 (75.4)

Bachelor or more 46 (23.8) 147 (76.2)

Smoking status
Non-smoker 163 (30.8) 367 (69.2) 0.002
Smoker 21 (16.8) 104 (83.2)

Family history of hyperuricemia
No 106 (24.1) 333 (75.9) 0.003
Yes 42 (39.6) 64 (60.4)
Unknown 36 (32.7) 74 (67.3)

Duration of DM (years)
<5 45 (27.3) 120 (72.7) 0.889
5–9 59 (27.4) 156 (72.6)

≥10 80 (29.1) 195 (70.9)

Type of medications
Oral hypoglycemic agent 112 (30.4) 256 (69.6) 0.131
OHA + Insulin 72 (25.1) 215 (74.9)

BMI (kg/m2)
Normal 8 (18.6) 35 (81.4) 0.001
Overweight 34 (19) 145 (81)
Obese 142 (32.8) 291 (67.2)

Waist circumference (cm)
Normal 8 (15.7) 43 (84.3) 0.002

Abnormal* 195(35.8) 349 (64.1)

Notes: Hyperuricemia: Male >7 mg/dl; Female >6 mg/dl. *High waist circumference: >102 cm male; >88 cm 
female.
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Table 2 shows the prevalence of hyperuricemia according to clinical characteristics of the study participants. The 
prevalence of hyperuricemia was significantly higher in patients with hypertension compared to normotensive patients 
(32.7% vs 14.8%; p=0.000). Patients with hypertriglyceridemia and reduced HDL cholesterol had higher prevalence of 
hyperuricemia (32.5% vs 23.1%; p=0.008 and 33.7% vs 24.3%; p=0.014, respectively).

The prevalence rates of hyperuricemia according to the medications used are shown in Table 3. All studied 
medications except aspirin were associated with a higher prevalence of hyperuricemia. Table 4 shows the prevalence 
of hyperuricemia according to purine intake by the study participants. Diabetic patients who did not eat sheep liver were 
significantly more likely to have hyperuricemia than those who did (34.3% vs 25.2%; p=0.015). Patients who ate turkey 
or sausage, which is moderately high in purines (100–400mg of uric acid/100g), were more likely to be hyperuricemic.

Table 5 shows the factors associated with hyperuricemia among patients with type 2 diabetes in multivariate analysis. 
Female subjects were approximately 2.37 times more likely to have hyperuricemia than males (OR=2.37, 95% CI: 1.63– 
3.45, P=0.000). Taking anti-hypertension drugs like angiotensin-converting enzyme or angiotensin receptor blockers 
were significantly associated with an increased odds of hyperuricemia (OR=1.68, 95% CI: 1.12–2.50, p=0.011). In 
addition, subjects taking β blockers were significantly more likely to have hyperuricemia than subjects not taking β 
blockers (OR=2.20, 95% CI: 1.51–3.22, P=0.000). Family history of hyperuricemia was associated with a twofold higher 
odds of hyperuricemia (OR=2.56, 95% CI: 1.57–4.16, P=0.000). High waist circumference was associated with increased 
odds of hyperuricemia (OR=3.17, 95% CI: 1.39–7.22, p=0.006).

Table 2 The Prevalence of Hyperuricemia According to Clinical Characteristics 
of the Study Participants

Variables Hyperuricemia P

Yes No
N (%) N (%)

HbA1c (%)
<7 (controlled) 62 (28.1) 159 (71.9) 0.988
>7 (uncontrolled) 122 (28.1) 312 (71.9)

Hypertension
No 25 (14.8) 144 (85.2) <0.001
Yes 159 (32.7) 327 (67.3)

Dyslipidemia
No 22 (22.4) 76 (77.6) 0.178
Yes 162 (29.1) 395 (70.9)

Total cholesterol
Normal 113 (30.1) 262 (69.9) 0.619
Abnormal 27 (32.9) 55 (67.1)

Triglycerides
Normal 73 (23.1) 243 (76.9) 0.008
Abnormal 104 (32.5) 216 (67.5)

High-density lipoprotein
Normal 60 (24.3) 187 (75.7) 0.014
Abnormal 109 (33.7) 214 (66.3)

Low-density lipoprotein
Normal 89 (28.2) 227 (71.8) 0.759
Abnormal 85 (27.1) 229 (72.9)
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Table 3 Drugs Taken by the Study Participants

Variables Hyperuricemia P-value

Yes No
N(%) N (%)

Aspirin intake
No 58 (24.2) 183 (75.8) 0.086
Yes 126 (30.4) 288 (69.6)

Thiazide diuretics
No 101 (23.2) 334 (76.8) <0.001
Yes 83 (37.7) 137 (62.3)

Angiotensin II receptor blockers, angiotensin-converting 
enzyme inhibitors
No 45 (19.6) 185 (80.4) 0.002
Yes 139 (32.7) 286 (67.3)

β blockers
No 98 (22.3) 342 (77.7) <0.001
Yes 86 (40.2) 129 (59.8)

Calcium channel (CC)-blockers
No 128 (25.2) 380 (74.8) 0.002

Yes 56 (38.1) 91 (61.9)

Table 4 The Prevalence of Hyperuricemia According to Purine Intake by the 
Study Participants

Variables Hyperuricemia P-value

Yes NO
N (%) N (%)

Fish
Do not eat 40 (28) 103 (72) 0.971
Eat 144 (28.1) 368 (71.9)

Calf liver
Do not eat 145 (27.8) 376 (72.2) 0.733
Eat 39 (29.3) 95 (70.7)

Mushroom
Do not eat 100 (29.9) 235 (70.1) 0.305
Eat 84 (26.2) 236 (73.8)

Sheep liver:
Do not eat 74 (34.3) 142 (65.7) 0.015
Eat 110 (25.2) 329 (74.8)

Chicken liver
Do not eat 48 (26.8) 131 (73.2) 0.656
Eat 136 (28.6) 340 (71.4)

Turkey slices or 
sausage
Do not eat 136 (25.9) 390 (74.1) 0.010
Eat 48 (37.2) 81 (62.8)

(Continued)
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Discussion
Hyperuricemia is a common biochemical abnormality that is frequently associated with other metabolic perturbation of 
great clinical importance such as obesity, HTN, hypertriglycerdemia, metabolic syndrome or T2 DM.6

Serum uric acid is known to act as anti-oxidant and may be one of the strongest determinants of plasma ant oxidative 
capacity; however, when SUA levels are elevated this previously, anti-oxidant paradoxically becomes prooxidant which 
may contribute to endothelial dysfunction and well increase the oxidative stress.6

This study was conducted to measure the prevalence of hyperuricemia and associated risk factors among type 2 
Jordanian diabetic patients. The prevalence of hyperuricemia was identified as 28.1%. Numerous studies have estimated 
the prevalence of hyperuricemia among diabetic patients and the results of the current study were similar to those 
obtained from China,8 Nigeria,11 India and Italy.10,18 Contrary to the current finding, a lower prevalence of hyperuricemia 
was reported by Kim et al in Korea.19

Our study showed that females is one of the risk factors of hyperuricemia. On the other hand, previous studies which 
reported that males had a higher prevalence of hyperuricemia when compared with females.2,20 Consistent findings were 
reported by Wang et al, who demonstrated that diabetic females were 1.5 times more likely to develop hyperuricemia 

Table 4 (Continued). 

Variables Hyperuricemia P-value

Yes NO
N (%) N (%)

Beef
Do not eat 42 (28.2) 107 (71.8) 0.976
Eat 142 (28.1) 364 (71.9)

Lentils
Do not eat 13 (41.9) 18 (58.1) 0.079
Eat 171 (27.4) 453 (72.6)

Table 5 Factors Associated with Hyperuricemia Among Patients with 
Type 2 Diabetes in Multivariate Analysis

Variables OR 95% CI P-value

Gender
Male* 1 1.63–3.45 < 0.001
Female 2.37

ACE + ARBs
No* 1 1.12–2.50 0.011
Yes 1.68

β-blockers
No* 1 1.51–3.22 <0.001
Yes 2.20

Family history of 
hyperuricemia
No* 1 1.57–4.16 <0.001
Yes 2.56

Waist circumference
Normal* 1 1.39–7.22 0.006
Abnormal 3.17
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(OR: 1.576; 95% CI: 1.231–2.018).8 Our study showed a higher rate of hyperuricemia in females than that in males 
(38.6% vs 16.1%; p=0.000). This could be due to their age and menopausal status. This is supported by our finding that 
most of the hyperuricemic females were more than 60 years old, and therefore, changes in female sex hormones after the 
menopause could be linked to the increased urate level and the nonexistence of oestrogen in improving renal urate 
excretion.21

One of the associated risk factors was the intake of antihypertensive drugs, such as thiazide type diuretics, β blockers, 
ACE and ARBs, which were reported to increase SUA by different mechanisms of action, such as increasing the net 
renal reabsorption of urate22 and reducing glomerular filtration rate.23 In this study, patients who received ARBs and/or 
ACE were around 1.5 times more likely to have hyperuricemia (OR=1.68, CI: 1.12–2.50; P=0.011). Several studies have 
assessed the effect of ARBs drugs on SUA and of the known ARBs drugs, losartan showed a significant reduction in 
SUA levels, which may be due to the role of this drug in enhancing urinary excretion of uric acid by avoiding the 
reabsorption of uric acid. This drug was not among the choices for the current study participants, and around 90% of the 
study participants were taking other types of ARBs, such as valsartan and candesartan, which have been reported to 
increase SUA,24,25 which is consistent with the results of the current study. The ARBs have differences in chemical 
structure and also different effects on the uptake of uric acid by the urate transporter 1 (URAT1) receptor.26

The other type of antihypertensive drugs taken by the study participants were β blockers. Several studies have 
estimated the effect of β blockers on SUA, which are known to reduce glomerular filtration rate and the mean renal 
clearance of uric acid, thus increase SUA levels.23,27 The results of the current study showed that patients who were 
taking β blockers were 2 times more likely to develop hyperuricemia, which was consistent with other studies assessing 
the intake of β blockers.28

Genome-wide association studies (GWAS) have discovered genetic irregularities primarily involving renal urate 
transport, which may explain certain individuals’ susceptibility for developing hyperuricemia.29 Kuo et al30 reported that 
the risk of gout was significantly higher in individuals with affected first-degree relatives than in the general population 
with their relative risk being 1.91, which was consistent with the results of the current study.

In the present study, the prevalence of hyperuricemia increased with waist circumference (WC) suggesting that 
a relationship exists between hyperuricemia and increased visceral fat accumulation. Different Chinese studies have 
reported that waist circumference is positively associated with hyperuricemia.14,15 A Japanese study found that hyper-
uricemia was linked to increased abdominal obesity,31 which is consistent with the results of the current study. 
Abdominal obesity showed a stronger association with increased SUA, and the mechanisms underlying the obesity 
linked to an increase in SUA levels involve two factors: over-production of uric acid and poor uric acid excretion.32 An 
interesting finding in De Pergola study who showed that that weight loss, achieved by dietary intervention or bariatric 
surgery, is effective in reducing SUA levels.33

The main strength of this study is its relatively large numbers of participants. However, there are three main 
limitations. First, estimates of the dietary status by questions about the consumption of some foods through the year 
rather than 24-hour recalls will not give a clear idea about the quality and quantity of patients’ diet. Second, the study is 
clinic-based rather than population-based, and it may not be representative of diabetic patients in the community. Third, 
the results of this study cannot be generalized on all type 2 diabetic patients in Jordan.

In conclusion, our results indicate that hyperuricemia is prevalent in T2DM patients and significantly associated with 
women, high waist circumference, family history of hyperuricemia and intake of antihypertensive drugs such as ARBs, 
ACE and β blockers. Screening for hyperuricemia is needed for patients with T2DM.

Informed Consent
Informed consent was obtained from patients.
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