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ABSTRACT

Introduction: Type 2 diabetes mellitus is a heterogeneous group of metabolic disorders of disturbance of carbohydrate, fat,
and protein metabolism causing macrovascular (like coronary artery disease) and microvascular (kidney damage) complications.
Microalbuminuria is the first manifestation of injury to glomerular filtration barrier and carotid intima-media thickness (IMT) of
common carotid artery serves as an excellent marker for early lesion of atherosclerosis. Method: A cross-sectional observational
study was carried out over a period of 1.5 years in PGIMER, DR. RML Hospital, New Delhi. Patients with type 2 diabetes mellitus, aged
between 35 and 60 years, were investigated for uric acid (UA), urine albumin levels, and common carotid IMT during this period.
Patients on drugs that affect serum UA level, patients with acute illness, patients with serum creatinine >1.5 mg/dL, or with coronary
artery disease were excluded from study. Result: Prevalence of hyperuricemia was found to be high (46%) in type 2 diabetic patients.
It was also higher in females (73.7%) than males (25.8%). There was positive correlation between serum UA concentrations with
logarithm of urine albumin excretion (P < 0.023) and carotid intima-media thickness (IMT) (P < 0.027). Plaque index also showed a
positive correlation with UA (P < 0.019). However, there was no positive correlation with UA and other variable such as age, duration
of diabetes, systolic blood pressure, diastolic blood pressure, HbAlc, lipid profiles, urea, and creatinine. Conclusion: Serum UA
concentration thus serves as an early marker of renal dysfunction and cardiovascular diseases in type 2 diabetic patients.
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Introduction

Diabetes mellitus is a heterogeneous group of metabolic
disorders causing macrovascular (like coronary artery disease)
and microvascular (kidney damage) complications.l"! Type 2
diabetes mellitus is characterized by deficiency of insulin,

Address for correspondence: Dr. Subodh Kumar Mahto,
Department of Medicine, PGIMER, Dr. RML Hospital,
New Delhi - 110001, India.
E-mail: drsubodhkrO5@gmail.com
Revised: 16-09-2019
Published: 10-12-2019

Received: 15-09-2019
Accepted: 26-09-2019

Access this article online

Quick Response Code:
Website:
www.jfmpc.com

DOI:
10.4103/jfmpc.jfmpc_777_19

variable degree of insulin resistance, impaired insulin secretion,
and impaired glucose utilization. Among individuals with type 2
diabetes mellitus, death from macrovascular disease is motre
common.! Higher levels of serum insulin may dectease utic
acid (UA) clearance by kidneys and predispose to UA injury.?
Several large epidemiologic studies have reported that elevated
serum UA concentration is associated with cardiovascular
disease.”! Microalbuminutia means significant increase in albumin
excretion rate (AER)M and may reflect a generalized defect in
vascular permeability and a concomitant atherogenic diathesis.”
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The earliest lesion of atherosclerosis is a focal thickening of the
vessel wall, especially the intima media layer.!

Methods

It was a cross-sectional observational study conducted at
the department of medicine, PGIMER, Dr RML Hospital,
New Delhi, India, over a span of 1.5 year. The study was approved
by institutional review board and ethical committee (Number:
01-40/18/2011/IEC/Thesis/PGIMER-RMLH /10234, date
of the approval- 13 Nov 2011). The target population consisted
50 Type 2 diabetes mellitus patients, aged between 35 and
60 years. New cases of type 2 diabetes were diagnosed based
on The National Diabetes Data Group and World Health
Organization diagnostic criteria.['l Patients on drugs that affect
serum UA levels, patients with acute illness, patients with serum
creatinine >1.5 mg/dL, or with coronary artery disease and those
not giving consent were excluded. Bilingual consent was taken
from cases. They were subjected to a detailed history and physical
examination and standardized laboratory tests.

UA was measured by enzymatic photometric test in the fully
automated biochemistry analyser. Urine albumin was measured
by immunoturbidimetric assay using COBAS Tina quant albumin
kit. Urine creatinine was measured using creatinine Jaffe method
on Olympus AU400 analyzer.

Albumin creatinine ratio (ACR) was calculated by dividing urine
albumin concentration with urine creatinine concentration.
Patients were further divided into three groups based
upon ACR values---normoalbuminuria (ACR < 30 mg/g),
microalbuminuria (ACR 30.1 to 300 mg/g), and
macroalbuminuria (ACR > 300 mg/g).

These patients were evaluated for common carotid artery and
internal carotid artery intima-media thickness (in centimetres)
of both sides by color Doppler using Philips HD11 ultrasound
system equipped with color flow imaging and pulse Doppler,
with an electrical linear transducer (mid frequency of
7.5 MHz)."

Plaque was defined as a visually distinct area with an intima media
thickness greater than that of than surrounding areas.”!

The degree of plaque was graded for each segment using the
following criteria:’

Grade 0: no observable plaque
Grade 1: one small plaque (less than 30% of the vessel diameter)

Grade 2: one medium plaque (30--50% of the vessel diameter)
or multiple small plaques

Grade 3: one large plaque (greater than 50% of the vessel
diameter) or multiple plaques with at least one medium plaque
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The grades were then summed to create a variable called the
plaque index, which is used as a measure of the extent of
atherosclerosis.

Statistical analysis

The analysis was carried out in Microsoft Excel 2007 and SPSS
software (IBM Corp. Statistics for Windows, Version 20.0,
Released 2011, Armonk, NY, USA). The quantitative variables
were reported as mean * standard deviation. Statistical
significance of outcomes with different variables was determined
by Chi-square test. Simple linear regression analysis was done to
identify the degree of relationship in the patterns of variation
of two or more variables. Pearson’s test was used to calculate the
correlation. P = 0.05 was taken as level of statistical significance.

Results

A total of 50 cases of type 2 diabetes mellitus (T2DM)
were recruited in this study. The mean age of the patients
was 52.62 £ 8.26 years. Mean serum UA concentration was
6.10 £ 2.20 mg/dL. Mean UA in males was 5.50 £ 2.36 mg/dL
and in females was 7.06 £ 1.52 mg/dL. This sex distribution of
serum UA levels was statically significant (P < 0.05). The mean
ACR was 473.16 * 101.66 mg/g. Out of 50 T2DM patients,
23 (46.0%) had normoalbuminuria (ACR 0 to 30 mg/g),
21 (42.0%) had micromoalbuminuria (ACR 30.1 to 300 mg/g),
and 6 (12%) had macromoalbuminutia (ACR > 300 mg/g). The
mean IMT was 0.60 £ 0.15 cm. Out of 50 patients-,16 (32%)
had IMT between 0.4 and 0.5 cm, 16 (32%) had IMT between
0.5and 0.6 cm, 5 (10%) had IMT between 0.6 and 0.7 cm, 9 (18%)
had IMT between 0.7 and 0.8 cm; 4 (8%) had IMT > 0.8 cm.

As the urinary ACR showed a positive skewed distribution
(skewness = 1.491), a logarithmic transformation of ACR was
carried out before calculating correlation and regression analysis.
There was positive correlation between serum UA concentrations
with logarithm of urine albumin excretion (P < 0.023) and
carotid intima-media thickness IMT) (P < 0.027) [Table 1 and
Figure 1]. The relationship between serum UA concentrations
and other variables such as age, duration of diabetes, systolic
blood pressure, diastolic blood pressure, HbAlc, lipid profiles,
urea, creatinine, and plaque index were examined by Pearson
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Figure 1: UA had positive correlation with IMT
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correlation analyses.Plaque index showed a positive correlation
with UA. (P < 0.019) but no other vatiable showed a positive
correlation with UA [Table 2]. Serum uric acid concentration was
higher in patients with macroalbuminutia (10.55 £ 2.10 mg/dL)
than in patients with microalbuminuria (6.79 £ 0.68 mg/dL)
ot normoalbuminuria (4.30 + 0.43 mg/dL), and serum UA
concentration was also higher in patients with microalbuminuria
than in patients with normoalbuminuria.

Regression analysis

Simple linear regression analysis was done to identify the degree
of relationship in the patterns of variation of two or more
variables.Simple linear regression analysis demonstrated that
serum UA concentration (P < 0.023), age (P < 0.009), duration of
diabetes (P < 0.037), plaque index (P < 0.026) were independent
determinants of logarithm of urinary albumin excretion. There
was no significant degree of relationship between logarithm of
urinary albumin excretion and IMT (P < 0.052) [Table 3].

Discussion

Our study showed the prevalence of hyperuricemia (UA > 6mg/dl)in

23 (46%) out of 50 study subjects. The probable reason for this

could be that

1. the study subjects were not taking any treatment for
hyperuricemia,

2. suppression of UA excretion by exogenous insulin (it is
known that hyperinsulinemia reduces the urinary excretion
of uric acid by activating the transporter of UA).

Our study showed that the prevalence of UA was more in
females (73.7%). Hyperuricemia was not much prevalent in
males (25.8%). This could possibly be explained by the fact that
in normal healthy adult males, serum urate levels exceed those
in females of reproductive age due to enhanced renal urate
clearance by oestrogenic compounds. After menopause, serum
urate values in healthy females (the average age of females in our
study was 51.16 = 9.16 years) increases and approximate those
in healthy males of corresponding age and a significant part of
this variability in prevalence of UA. is certainly attributable to
different values used to define it, as well as the techniques and
protocols used to evaluate it, differences in ethnicity, and in some
cases to the small number of patients studied. Similar to our
study, Fang ¢f @/ desctibed that the serum UA level was higher
in diabetic women. Ito H eza/"" in a cross-sectional study found
that the frequency of hyperuricemia was significantly higher in
the diabetic patients.

In our study, a positive correlation was found between UA and
logarithm of urinary albumin excretion (log ACR) (P = 0.023).
Simple linear regression analysis also demonstrated that UA was
an independent determinant of logarithm of urinary albumin
excretion (P < 0.023). Urinary ACR has been an established early
marker of renal injury and in our study it is causally related with
the UA. Thus UA may itself have served as a marker of renal
injury in our study. It could possibly be because of-
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Table 1: UA had positive correlation with logarithm of
urine albumin excretion and IMT

Pearson Significance (P)
correlation
Log urine albumin : creatinine 0.320 0.023
IMT (carotid intima-media thickness) 0.312 0.027

Table 2: Correlation between serum uric acid
concentration and other variables

Pearson correlation  Significance (P)

Age 0.254 0.075
Duration of diabetes mellitus 0.247 0.084
Systolic blood pressure 0.175 0.223
Diastolic blood pressure 0.190 0.185
BMI 0.061 0.672
waist: hip circumference 0.122 0.400
HbAlc (%) 0.080 0.581
Total Cholesterol 0.097 0.504
Triglyceride 0.090 0.534
LDL 0.023 0.876
VLDL 0.035 0.812
HDL 0.105 0.467
Utrea 0.020 0.893
Creatinine 0.025 0.863
Plaque index 0.330 0.019

Table 3: Independent determinants of logarithm of
urinary albumin excretion

R R? P
Serum uric acid levels 0.320 0.103 0.023
age 0.365 0.133 0.009
IMT 0.277 0.077 0.052
Duration of diabetes mellitus 0.295 0.087 0.037
Plaque index 0.315 0.099 0.026

R=coefficient of correlation
R?=coefficient of determination

1. Hyperuricemia-induced endothelial dysfunction, glomerular
hypertension, and renal hypertrophy.

2. Uric acid causing an inhibition of endothelial nitric oxide
bioavailability™

3. Activation of the rennin angiotensin system,!'? and
Direct actions on endothelial cells and vascular smooth

muscle cells."

Similar correlation between UA and log ACR has been
observed by Kim ES!'" who conducted a study to determine
the relationship between UA, metabolic syndrome (MetS),
and albuminuria in type 2 diabetic patients. They concluded
that an elevated UA was significantly associated with MetS and
was an independent predictor of albuminuria after adjusting
for conventional risk factors and MetS. In a similar study by
Bonakdaran S!' including 1,276 patients with type 2 DM, UA
correlated positively with urine ACR.
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In a study by Fukui M ¢ 2/P! including 343 men with T2DM,
multiple regression analysis demonstrated that serum UA
concentration, duration of diabetes, serum triglyceride
concentration, and systolic blood pressure were independent
determinants of logarithm of urinary albumin excretion. Cai X
et al' in a cross-sectional study including 2108 type 2 diabetic
patients in China concluded that high-normal SUA was associated
with albuminuria and impaired glomerular filtration.

In a recent study by Petter Bjornstad ez a/"" in Chinese adolescent
population, higher baseline UA independently increased the risk for
onset of hypertension and elevated UAE (urinary albumin excretion).

In our study, a positive correlation was found between serum UA

concentration and IMT (P = 0.027). The possible mechanism

for raised IMT in hyperuricemic diabetic patients could be
attributed to —

1. Hyperuricemia-induced endothelial dysfunction causing
impaired acetylcholine induced vasodilatation and impaired
endothelial nitric oxide (NO) release.

2. Deleterious effect of UA on oxidative metabolism, platelet
adhesiveness, and aggregation. Urate crystals being
proinflammatory, activate complement, stimulate neutrophils
to release protease and oxidants, stimulate macrophages, and
activate platelets and the coagulation cascade.

3. Role of UA in causing hypertension and thus contributing
to atherosclerosis.

Though our study showed an overall positive correlation between

serum UA concentration and IMT (P < 0.027). A positive

correlation was also found between UA and IMT (P < 0.038)

in males. But no correlation was found between UA and

IMT (P = 0.080) in females. In the past, few studies have found

positive correlation between UA and IMT in both males and

females while others have found no correlation in both or either

sex. This variability in results could be because of:

1. Presence of other risk factors such as smoking, hypertension,
dyslipidemia, obesity

2. Patients on UA lowering agents

3. Difference in study protocols, methods of evaluation, and
differences in ethnicity

4. Smaller size of study.

Krishnan E ez /"™ conducted a study in 2,498 participants in the
Coronary Artery Risk Development in Young Adults (CARDIA)
in which hyperuricemia was found to be an independent risk
factor for subclinical atherosclerosis in young adults. In a
prospective cohort study by Song M ¢# a/!"! in north Chinese
adult UA was found to be an independent risk factor for incidence
of extracranial carotid atherosclerosis in both genders. Also José
Catlos Arévalo-Lotido ez a/” in a study concluded that the effects
of UA on the vascular wall contribute to the development of
atherosclerosis and carotid disease. Similar relation between UA
and atherosclesoris was found in various studies.*' !
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Conclusion

1. Asymptomatic hyperuricemia is highly prevalent in type 2
diabetic patients.

2. Serum UA concentration serves as eatly and independent
marker of renal dysfunction in type 2 diabetic patients.

3. Serum UA concentration serves as carly marker of carotid
atherosclerosis in type 2 diabetic patients.

Thus in light of our findings we propose that:

1. Hyperuricemia combined with diabetes might be
associated with an increased risk of progression of diabetic
nephropathy and atherosclerosis and thus T2DM patients
with asymptomatic hyperuricemia should be further
evaluated for development of early diabetic nephropathy
and atherosclerosis.

2. In general, little attention has been paid to UA as a
factor for progression of diabetic nephropathy as well
as atherosclerosis. However, hyperuricemia is common
among diabetic patients and it is easy to lower serum UA
concentration with lifestyle modifications and medications.
Therefore, itis of clinical significance to clarify the role of UA
in the development and progression of diabetic nephropathy
as well as atherosclerosis.
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