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Cross-Sectional Study

Study of Serum Uric Acid Levels in Patients with Type 2 Diabetes Mellitus
and its Association with Cardiac Risks Factors and Complications
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Introduction: The prevalence of diabetes mellitus (DM) is rapidly rising all over the world. India is called the capital
of the diabetic world. DM is an important risk factor for cardiovascular disease (CVD). Many studies have shown that
serum uric acid concentration can predict the risk of cardiac complications.

ABSTRACT

Aim: This study was conducted to assess the direct or indirect effect of serum uric acid on cardiovascular risk and
complications.

Methods: 80 patients with type 2 DM aged >40 years meeting the criteria for diagnosing Type 2 DM as per the
American Diabetic Association (ADA) were recruited in the study. Patients with renal failure and type 1 DM were
excluded. Patients were further subjected to investigations like serum uric acid, electrocardiogram (ECG), two-
dimensional echocardiogram (2D echo) and other routine investigations. Urine albumin levels, troponin I, chest X-ray
and ultrasonography (USG) abdomen were done. Investigation reports were analyzed with the clinical profile and the
data was compiled and an appropriate statistical test was applied.

Results: In this study, serum uric acid levels were measured in patients with type 2 DM and were found out to have
a significant correlation with the cardiovascular risk factor. About 82.5% of the diabetic patients with cardiovascular
disease had serum uric acid levels >5 mg/dL. 66.67% of the known type 2 DM with hypertension have serum uric acid
levels >5 mg/dL. 96.9% of the patients had a body mass index (BMI) more than the normal range, i.e., >23 kg/m?.
91% of the patients who were chronic smokers had serum uric acid levels >5 mg/dL. It was observed that among
cardiovascular complications, 87.23% of the acute coronary syndrome (ACS) patients, 50% of the patients with atrial
fibrillation, 66.67% of the patients with congestive cardiac failure (CCF) and hypertension (HTN) patients had serum
uric acid levels >5 mg/dL.

Conclusion: Although there is overwhelming evidence that elevated serum uric acid concentrations are strongly
associated with increased cardiovascular risks and poor outcomes, prospective population studies are often
confounded by coexistent risk factors. In the present study, serum uric acid was correlated with cardiovascular risk
factors like obesity (high BMI), hypertension, dyslipidaemia, smoking, and cardiovascular complications like acute
coronary syndrome (ACS), congestive heart failure (CCF) and arrhythmias, and these results were statistically
significant.
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INTRODUCTION

Diabetes mellitus is the most common metabolic disorder due to lack of insulin secretion or decreased action or both
resulting in an increased glucose level (hyperglycaemia). The prevalence of diabetes is rapidly rising all over the world."
In the 21* century, diabetes has emerged as one of the major health issues affecting more and more people each year, which
results in more complications. Currently, half a billion people are living with diabetes worldwide causing a high risk of
CVD.? Furthermore, around 318 million adults have impaired glucose tolerance and are at risk of developing diabetes in
the future.’

India being the diabetic capital of the world,* population-based studies showing the prevalence of type 2 diabetes in
different parts of India has been recently reviewed and showed that the prevalence has risen five-fold, from 2.1% in 1975
to 12.1% in 2000.° Presently as per 2015 estimation, around India, 69.2 million people have diabetes in India which is
estimated to rise to 123.5 million by 2040 which is second to China. Rapid urbanization and industrialization have produced
advancement on the social and economic front in developing countries such as India which have resulted in dramatic lifestyle
changes leading to lifestyle-related diseases.

Early diagnosis and treatment not only delay the onset of complications® but also, more importantly, indicate that the
onset of diabetes can be prevented or delayed by lifestyle interventions among those identified to be at risk for developing
diabetes.”® The major complications of diabetes are cardiovascular diseases. Diabetes is associated with a marked increase by
a factor of two to four times increased risk of coronary artery disease.’

Since 1950, many epidemiological studies have shown the positive association between serum uric acid level and
cardiovascular diseases like ischemic heart disease (IHD) and stroke.'

However, it is still debatable whether uric acid is an independent risk factor for cardiovascular mortality as several studies
reported that hyperuricemia is merely associated with cardiovascular disease."!

In recent years, a new debate started about the association between cardiovascular disease and increased serum uric
acid levels. Several large studies have shown that the concentration of serum uric acid levels could predict the risk of
cardiovascular events like myocardial infarction. The potential mechanism by which uric acid may have a direct or indirect
effect on cardiovascular risk has been directed towards research.'

The aims and objectives of our study are to study-
e Serum uric acid levels in type 2 diabetes mellitus.
e The correlation between serum uric acid levels.

e Cardiac risk factors and the correlation between serum uric acid levels and cardiac complications.

MEeTHODS AND MATERIALS

Patients with type 2 diabetes mellitus attending OPD and admitted to the department of medicine of Bapuji Hospital and
Chigateri General Hospital, Davangere, Karnataka, India from November 2016 to October 2018 were taken into study.
The study protocol was reviewed and approved by the institutional research ethics committee of JJM Medical College,
Davangere, Karnataka, India. Patients with type 2 diabetes mellitus, with age >40 years and both sexes were included in
the study. Patients with renal failure, renal transplant, and hepatic failure and type 1 diabetes mellitus were excluded from
the study. Patients were subjected to investigations like serum uric acid, ECG, 2D echo and other routine investigations.
Urine albumin levels, Troponin I, chest x-ray and USG abdomen were done. All blood samples were drawn with the
participant in the seated position after a 10-h overnight fast. The serum uric acid was measured by using the uricase
peroxidase method.

REesuLts

A total of 80 patients with age group of 40-75 years were included for the study as per the inclusion criteria. Most patients
were in the age group of 61-70 years followed by age group of 51-60 years. It is observed that cardiovascular complications in
diabetes are maximum between age group of 50-70 years. The study group included 53 males (66%) and 27 females (33.8%),
with male preponderance (Table 1).
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Majority of the patients (82.5%) are diabetes with cardiovascular disease having serum uric acid levels >5 mg/dL and
17.5% patients had <5 mg/dL (Table 2 and Figure 1). The patients who had longer duration of diabetes (>10 years) had serum
uric acid levels >5 mg/dL (p=0.005) (Table 3).

Table 1. Age and gender distribution

Age (years) No. of patients Percent (%)
41-50 13 16.2
51-60 21 26.3
61-70 34 42.5
>70 12 15
Gender distribution

Male 53 66.2
Female 27 33.8
Total 80 100

Table 2. Serum uric acid levels among the patients with diabetes mellitus and cardiovascular diseases

Serum uric acid No. of patients Percent (%)
<5 14 17.5
>5 66 82.5

Total 80 100
Figure 1. Diabetic patients with CVD
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Table 3. Association between serum uric acid levels with duration of diabetes

Serum uric acid

Diabetes duration Total p-value*
<5 >5
14 43 57
<10
24.6% 75.4% 100%
0 23 23
>10 0.005
0 100% 100%
14 66 80
Total
17.5% 82.5% 100%

*_ Fisher’s Exact test

Around 96.9% of the patients had BMI more than the normal range, i.e., >23 kg/m’. And p-value is statistically significant
(0.004) (Table 4). 84.6% of the patients with HbAlc levels >6.5 had serum uric acid levels >5 mg/dL and the p-value is

statistically significant (p=0.0290) (Table 5).

Table 4. Association between BMI and serum uric acid levels in patients with diabetes and cardiovascular disease

Serum uric acid Total
BMI p-value*
<5 >5
13 35 48
<23
27.1% 72.9% 100%
1 31 32
>23 0.004
3.1% 96.9% 100%
14 66 80
Total
17.5% 82.5% 100%

*- Fisher’s Exact test

Table 5. Association between HbAlc¢ and serum uric acid levels in patients with diabetes and cardiovascular diseases

Serum uric acid

HbAlc Total p-value*
<5 >5
2 0 2
<6.5
100% 0% 100%
12 66 78
>6.5 0.029
15.4% 84.6% 100%
14 66 80
Total
17.5% 82.5% 100%

*_ Fisher’s Exact test
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Around 91.5% of patients were chronic smokers and has serum uric acid levels >5 and the p-value is statistically significant
(0.012) (Table 6).

Patients who have serum uric acid level >5 mg/dL had cardiovascular complications like ACS (87.23%), atrial fibrillation
(50%) and CCF and HTN (66.67%), respectively (Table 7 and Figure 2).

Table 6. Relationship between smoking and serum uric acid levels

Serum uric acid

Smoking Total p-value
<5 >5
4 43 47
Yes
8.5% 91.5% 100%
10 23 33
No 0.012
30.3% 69.7% 100%
14 66 80
Total
1w7.5% 82.5% 100%

Table 7. Association between cardiovascular complications and serum uric acid levels in patients with diabetes.
Abbreviations: ACS- Acute coronary syndrome; AF- Atrial fibrillation; CCF- Congestive coronary failure;
HTN- Hypertension.

Diagnosis Uric acid Total Percent (%) p-value
<5 % >5 %
ACS 6 12.77 41 87.23 47 100 0.048
AF 3 50.00 3 50.00 6 100 0.011
CCF 3 33.33 6 66.67 9 100 0.048
HTN 4 33.33 8 66.67 12 100 0.034

Figure 2. Association between cardiovascular complications and serum uric acid levels in diabetic patients
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Discussion

Uric acid, the product of purine metabolism either exogenous or endogenous purines are degraded primarily in the liver and
intestine. Uric acid may cause insulin resistance in the liver by inducing oxidative stress and also blocks the vasodilatation
ability of the insulin, which is important for the delivery of glucose to skeletal muscle. Less production of adiponectin and
inflammation in the adipose tissue is caused by uric acid. Studies show increased levels of uric acid in patients with insulin
resistance which could be due to hyperinsulinemia which lowers the uric acid excretion.'® High level of serum uric acid is
associated with metabolic syndrome. Association between the elevation of serum uric acid and increased cardiovascular risk
was identified for many years.!! Observational studies showed that serum uric acid levels are higher in patients with diabetes
with established cardiovascular disease. Studies also showed increased serum uric acid levels cause endothelial dysfunction
and increase plasma renin activity.'* However, increased serum uric acid levels are also associated with possible risk factors
like increased BMI, HTN, and smoking, etc.

Duration of diabetes was positively correlated with uric acid levels. Uric acid levels increase with increasing duration
of diabetes and the association was statistically significant. A study conducted by Yoo et al. (2005) and Becker and Jolly et
al. (2006) has shown that hyperglycaemia was a remarkable risk factor for hyperuricemia. Another study conducted in Japan
involving 3681 patients showed that elevation of serum uric acid concentration in males increased the risk of type 2 diabetes.
The conclusion of these studies showed increased serum uric acid was positively associated with hyperglycaemia.'s

Sumino et al. (1999) conducted a study to compare uric acid levels in males and females, which showed males had high
levels of uric acid compared to females. It may be due to oestrogen that promotes uric acid excretion in females. In the present
study, BMI was correlated with serum uric acid levels.'® 96.9% of the patients had BMI more than the normal range, i.e., >23
kg/m? and the p-value was statistically significant (0.004).

Another study conducted by Bedir et al. has shown the role of leptin in the regulation of serum uric acid level in humans.
This study also shows leptin may be a possible candidate for the missing link between obesity and hyperuricemia.'®

Serum uric acid levels are significantly elevated in patients with hypertension.!”!® In this study, 83.3% of the known
hypertensive patients have serum uric acid levels >5 mg/dL. A study conducted by Lin KC et al. showed blood pressure levels
predict cardiovascular disease incidence synergistically with serum uric acid levels.!” Rat model study demonstrated that uric
acid might have a pathogenic role in the development of hypertension, vascular disease and renal disease.?

The serum uric acid levels were significantly higher in diabetic patients with cardiovascular complications. It was
observed that among cardiovascular complications, 87.23% of the ACS patients, 50% of the patients with atrial fibrillation,
66.67% of the patients with CCF and HTN patients had serum uric acid levels >5 mg/dL. So, serum uric acid >5 mg/dL should
be considered as a red flag in those patients at risk for cardiovascular disease.?"-?>15:16

Finland cohort population study had shown the positive association between increased serum uric acid level and obesity,
impaired glucose tolerance and hypertension in patients between the age group of 40 to 69 years.'

There are enormous studies that showed that elevated serum uric acid levels are strongly associated with increased risk
of cardiovascular risk and a poor outcome. However, some prospective studies are often confounded by co-existence risk
factors.!' In the present study, serum uric acid was positively correlated with duration of diabetes, and cardiovascular risk
factors like obesity (high BMI, abnormal waist-hip ratio), hypertension and dyslipidaemia and the results were statistically
significant. However, studies also showed that decreasing serum uric acid levels doesn’t reduce the risk of cardio-metabolic
conditions.?

Limitations of the study

This study has some limitations. It was a cross-sectional design, which limited our ability to assess causal relationships. We
did not estimate leptin levels, C peptide levels and plasma insulin levels. The sample size is very small which may have
led to bias. We did not estimate serum uric acid excretion and urate clearance. Information about medications, including
angiotensin receptor blocker (ARBs), angiotensin-converting enzyme (ACE) inhibitors, diuretics, and urate-lowering agents
were not available.
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CONCLUSION

From this study, we can conclude that serum uric acid level was significantly elevated in patients with diabetes, and it was
independent of age. Mean serum uric acid levels of male patients were more than that of females. A significant positive
correlation was observed between serum uric acid levels and BMI/dyslipidaemia. It was also observed that the uric acid
levels increase with a longer duration of diabetes and are significantly higher in patients with cardiovascular complications
like acute coronary syndrome, CCF, hypertension and arrhythmias. Finally, we can conclude that serum uric acid level above
5 mg/dL in diabetic patients is a marker or risk factor for cardiovascular complications.
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