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Abstract

Type-2 diabetes is a metabolic disorder with vast complications. Uric acid (UA) was recently discovered as a risk biomarker for the development
of type-2 diabetes. Several studies have found a significant association of Hyperuricemia with Hypertension (HTN), renal complications and
cardiovascular disease. However, no study has found an association of hyperuricemia with the development of essential hypertension, nephropathy
and Diabetic Kidney Disease (DKD) among type-2 diabetics. Moreover, in the past no study has found cut off points for serum uric acids for the
development of DKD/CKD among diabetics with sensitivity and specificity, which was achieved in the current study. We collected 10,300 type-2
diabetics data for more than 15 years in a cross sectional retrospective manner. 17% demonstrated hyperuricemia while 16% were found to be
DKD. Significant correlations were found between serum UA and other variables (serum creatinine, systolic and diastolic BP, microalbumin and spot
urine protein). Levels of UA were observed to be elevated among patients with HTN, nephropathy and DKD (p<0.0001). Similarly, serum creatinine,
systolic and diastolic BP, microalbuminuria and spot urine protein were higher for the group with hyperuricemia (p<0.0001). Pearson’s (x?) and
logistic regression with odds ratio demonstrated that hyperuricemia was significantly associated with HTN (odds ratio 2.5; 95% Cl 1.8 to 23.4;
p<0.0001). Similarly, hyperuricemia was significantly associated with the development of nephropathy and DKD/CKD; odds ratio 2.1 (95% Cl 1.46 to
2.8; p<0.0001) and 27.3 (95% CI 14 to 53; p<0.0001), respectively. Moreover, regression model between serum UA and serum creatinine was also
significantly associated with each other and proves our hypothesis that UA linearly causes an increase in the blood creatinine with the following
relationship : Serum creatinine=0.221 + [0.154 x serum UA]. ROC for DKD and serum UA demonstrated that with AUC of 0.98 (95% Cl 0.961 to 0.986),
UA level of 6.8 was 91% sensitive and 79% specific for the development and significant association with DKD/CKD (p<0.0001). This is the first study of
its kind that has demonstrated significant associations of UA with HTN, nephropathy and DKD. It is the time to revise the normal levels of UA among
type-2 diabetics and to initiate regular screening for hyperuricemia to prevent further diabetes complications.

Uricacid hasbeen shown to be involved in endocrine abnormalities.
Recent research has demonstrated that UA is frequently associated and
is an independent risk factor for type-2 diabetes, obesity, metabolic
syndrome, hypertension and renal disease. In patients with obesity,
insulin resistance, and dyslipidaemia, hyperuricemia frequently
occurs because insulin stimulates sodium and urate reabsorption

Introduction

Diabetes mellitus is a major endocrine problem with severe
complications if other co-morbidities are not screened early in the
course of disease. Several biomarkers, including uric acid, are involved
in different diabetic complications [1,2]. Uric acid is a product of

purine metabolism, which degraded in mammals by the hepatic
enzyme, urate oxidase or uricase. The end product, allantoin, is freely
excreted in the urine. Hyperuricemia is usually defined as >7.0 mg/
dL in men and >6.0 mg/dL in women. High levels of UA should be
managed with lifestyle, dietary counselling or pharmacotherapy.
If untreated, high UA levels can lead to gouty arthritis with other
rheumatology complications with renal involvement among non-
diabetics and diabetics.

in the proximal tubule [3,4]. Past and emerging data had suggested
that an increased UA level is one of the most important risk factors
for cardiovascular disease [5-12]. Diabetes itself is associated with
microvascular complications [13-15].

Although several trials have demonstrated the association of
UA with hypertension and renal dysfunction, no study has found
cut off points for UA and its association with hypertension and the
development of Diabetic Kidney Disease (DKD) among diabetics.
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Hence, the aim of the current study was to explore these comorbid
associations and to find UA cut off points for sensitivity and specificity
to initiate early treatment and preventing UA associated diabetic
complications.

Study Design and Methods

This was a prospective cross sectional cohort study, conducted at
the diabetology clinic of Aseer Endocrine and Diabetes Center, Aseer
Central Hospital, Saudi Arabia. The study was initiated in August 2005
until February 2021, more than fifteen years of duration. Only type-2
diabetic patients were selected. Children, patients with liver disease,
End Stage Renal Disease (ESRD), and pregnant patients were excluded
from this study. Blood Pressure (BP) was measured by standardized
methodology. BP of 2140/90 was labeled as Hypertension (HTN).
Fasting blood samples were taken for chemistry.

Uric acid was measured by URCA method used in the dimension
R clinical chemistry system, an in vitro diagnostic intended for the
quantitative determination of UA in human serum and plasma
(Siemens healthcare diagnostics Inc. Newark, DE 19714, USA). The
UA method is a modification of the uricase method first reported by
Bilger and Johns. Uric acid, which absorbs light at 293 nm is converted
by uricase to allantoin, which is non-absorbing at 293 nm. The change
in absorbance at 293 nm due to the disappearance of UA is directly
proportional to the concentration of UA in the sample and is measured
using a bichromatic (293,700 nm) endpoint technique. UA levels of >7
mg/dl were labelled as “hyperuricemia”

Serum creatinine (mg/dl) was quantitatively measured by CREA
methodology by Dimension® clinical chemistry device (Siemens
Healthcare Diagnostics Inc. Newark, DE 19714, USA). This procedure
involves picrate for the measurement of creatinine in plasma and
urine. Patients with serum creatinine >1.5 mg/dl were considered as
potentially having Chronic Kidney Disease (CKD) or Diabetic Kidney
Disease (DKD). Nephropathy was ruled out by the measurement of
albumin or protein in urine. QuikCheck™ urinalysis reagent strips
(ACON biotech, Co., Ltd.) was used to detect macroalbuminuria
or gross proteinuria using pH indicators. Urine samples with gross
proteinuria by the color change of the reagent strips (from 1+ to 4
+ proteins) were considered “nephropathy” Microalbumin was
detected in urine by MALB method (Dimension® clinical chemistry
system device, Siemens Healthcare Diagnostics Inc. Newark, DE
19714, USA). This measures albumin in vitro quantitatively (mg/L)
by Particle-Enhanced Turbidimetric Inhibition Immunoassay
(PETINIA) methodology by color change. Urine samples positive
for microalbuminuria were again labeled as nephropathy. Spot urine
protein was measured by Dimension® clinical chemistry system
(Siemens healthcare diagnostics Inc. Newark, DE 19714, USA).
This detects in vitro total protein in human urine by pyrogallol red
molybdenum method (Y. Fujita, I. Mori and S. Kitano methodology).

Clinical data was analyzed by IBM® SPSS° statistics, version 20 (IBM
Corp). Data was summarized as percentages with eMan + SD and 95%
CI. Independent t-test was used to test the significance between the
groups of variables. Pearson chi-square (x*) was used to find significant
associations among variables. Logistic Regression, Odds Ratio were
also used to measure associations between different variables. ROC
was used to find cutoff values, sensitivity and specificity of UA for the
development of DKD. Statistical power of 90% and p-values (two-
sided) of less than 0.05 were considered significant. The study was
reviewed and approved by the research committee of Aseer Diabetes
and Endocrine Center, and all methodologies on subjects use reported
in accordance with the Helsinki Declaration.

Results

A total of 10,300 patient’s data was analyzed in this study. Tables
1 and 2 demonstrate demographic data and descriptive statistics,
respectively. High levels of UA (=7 mg/dl) were observed in 13% of
patients. 42% were hypertensives and 16% with DKD/CKD.

Demographic data is demonstrated in table 1. 12% of patients
demonstrated diabetic foot infection. Nephropathy was observed in
39% of patients; 43% were hypertensive and 15% demonstrated DKD/
CKD. Descriptive statistics for variables are shown in table 2.

Significant t-test statistics among group of variables is presented
in table 3 with significant p-values. Levels of UA were observed to be
elevated among patients with HTN, nephropathy and DKD. Similarly,
serum creatinine, systolic and diastolic BP, microalbuminuria and
spot urine protein were higher for the group with hyperuricemia, with
significant p-values. Box plot of serum UA levels with and without
DKD is presented in figure 1 and table 4 demonstrates Pearsons
correlations between variables with p-values.

Pearson’s (x*) and logistic regression with odds ratio, regression
Model and ROC statistics are presented in table 5. Hyperuricemia
was significantly associated with HTN (odds ratio 2.5; 95% CI 1.8 to
23.4; p<0.0001). Similarly, hyperuricemia was significantly associated
with the development of nephropathy and DKD/CKD; odds ratio 2.1
(95% CI 1.46 to 2.8; p<0.0001) and 27.3 (95% CI 14 to 53; p<0.0001),
respectively.

ROC for DKD and serum uric acid demonstrated that with AUC
0f 0.98 (95% CI 0.961 to 0.986), UA level of 6.8 was 91% sensitive and
79% specific for the development and significantly associated with
DKD/CKD (p<0.0001). This is presented graphically in figure 2.

Discussion

Our data has proved for the first time involvement and an association

Table 1: Demographic data of diabetic patients.

Variables N (%); Totals=10300
Male Female
Gender
6077 (59%) 4223 (41%)
. Positive Negative
Hypertension
4326 (42%) 5974 (58%)
Positive Negative
Nephropahty
3811 (37%) 6489 (63%)
Diabetic Kidney Disease Positive Negative
(DKD/CKD) status 1648 (16%) 8652 (84%)
. . Positive Negative
Hyperuricemia
1751 (17%) 8549 (%)
Table 2: Variables with Mean + SD.
Variables Mean + SD
Age (Years) 53+12.5
Diabetes duration (Years) 16+ 8.5
Serum creatinine (mg/dl) 0.964 +0.677
Serum uric acid 58+2.7
Systolic BP (mmHg) 128 +15.6
Diastolic BP (mmHg) 80+9.2
Microalbumin in urine (mg/L) 73.4+105.5
Spot Urine protein (mg/dl) 52.7+28.8
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Table 3: T-test between groups of variables (with and without foot ulcer) with Mean + SD and P-values.

Variables and indicators Comparison of variables
Mean £ 95 % CI vall:ue va-lrue va|l,ue
With HTN Without HTN
58+34 48+1.4 3.5 49 <0.0001
5.3-5.95 4.7-4.9
Serum Uric Acid concentration With Nephropathy Without Nephropathy
5635 49+1.4 4.6 3.7 <0.0001
5.2-5.9 4.8-5
With DKD Without DKD
7+1 46+1 2.4 325 <0.0001
6.9-7.3 4.4-4.6
Hyperuricemia Yes Hyperuricemia No
Serum Creatinine (mg/dl) 1.52+1.1 0.81+0.42 114.3 13.74 <0.0001
1.38-1.67 0.8-0.88
Hyperuricemia Yes Hyperuricemia No
Systolic BP (mmHg) 135+ 20 126 + 15 14.2 6.2 <0.0001
132-138 125-128
. . Hyperuricemia Yes Hyperuricemia No
?:;t:'g')c BP 82+ 10 7819 3.9 4.9 <0.0001
81-84 77-79
. . . Hyperuricemia Yes Hyperuricemia No
:::g";l_;v"cmalb”m'" 195+ 176 62 +48 34.8 45 <0.0001
131.2-297 54-72
Hyperuricemia Yes Hyperuricemia No
Spot Urine Protein (mg/dl) 145+ 95 2617 39.5 4.8 <0.0001
76-245 24-49

Table 4: Pearson’s correlations between variables with P-values.

Variables Cort:rar:iz: ") P-value
Serum creatinine and Uric Acid 0.4 <0.0001
Serum Uric Acid and Systolic BP 0.26 <0.0001
Serum Uric Acid and Diastolic BP 0.21 <0.0001
Serum Uric Acid and Urine Microalbumin 0.22 <0.0001
Serum Uric Acid and Spot Urine Protein 0.24 <0.0001

of serum UA with HTN, elevated serum creatinine and development
of DKD/CKD among diabetics.

Furthermore our statistics for the first time has demonstrated
that high levels of UA were also responsible for the proteinuria
(microalbuminuria and spot urine proteins). Apart from
microalbuminuria screening, spot urine protein excretion has been
also demonstrated for the detection, diagnosing and monitoring DKD
[16]. In our study, in addition to microalbumin, we used also spot
urine protein excretion and its association with hyperuricemia. The
data has demonstrated a very significant association between these
two variables (p<0.0001).

Furthermore, recent research evidence suggests that high serum
UA levels are associated with co-morbidities, microvascular and
macrovascular complications including essential hypertension,
progression of nephropathy, stroke and cardiovascular mortality

[17-21]. High serum UA causes increased excretion of UA from the
kidney which results in supersaturated urine, crystallization of urate,
and obstruction of renal tubules, granulomatous inflammation,
ultimately damaging the kidney and causing a decline in impairment
in renal function. These pathologies are also referred to as “acute urate
nephropathy”. If untreated, this condition may cause Acute Renal
Failure (ARF) or Acute Kidney Injury (AKI) [22,23]. Moreover, it
has been also proven that the treatment with Allopurinol normalizes
endothelial dysfunction in type 2 diabetics with mild hypertension
[24], which provides the evidence that hyperurecemia was responsible
for endothelial dysfunction and HTN. Hence, management of high
UA lowering agents have shown beneficial effects on renal and
cardiovascular systems [25,26], which should be considered in such
patients.

Hyperuricemias and gout have been well discovered in other
specific types of diabetes such as the mature onset of diabetes (HNF1B-
MODY), which often presents at youth. Such MODY subtype is also
associated with nephropathy which warrants for genetic screening and
testing in such patients (including family members) for confirmation
of diagnosis [27-32].

It is now clear that UA is a definitive cardiovascular risk factor in
hypertension [33]. However, previous studies have not demonstrated
UA as a risk for essential hypertension, proteinuria, and renal
dysfunction among type-2 diabetic patients, which was achieved in
the current study. Our data clearly demonstrates that out of 10,300
patients, 17% had hyperuricemia. Significant correlations were found
between UA and other variables (Serum creatinine, systolic and
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diastolic BP, microalbumin and spot urine protein). Subjects labelled
as HTN, nephropathy and DKD/CKD have demonstrated higher UA
levels. Higher serum UA concentrations were significantly associated
with proteinuria in our data. Table 3 and figure 1 emphasizing the
significance of renal involvement in the diabetic state. Binary logistic
regression and odds ratio have also proven the significant associations
between hyperuricemia and HTN, nephropathy and DKD/CKD
(Table 5). Additionally, regression model between serum UA and
serum creatinine was also significantly associated with each other and
proves our hypothesis that UA linearly causes an increase in the blood
creatinine with the following relationship : Serum creatinine=0.221
+ [0.154 x serum UA]. These associations were first demonstrated in
our study. Moreover, in the past no study has found cut off points for
serum UAs for the development of DKD/CKD among diabetics with
sensitivity and specificity. We constructed ROC for 10,300 patients to

find UA cut off points. Our data demonstrated that with AUC 0.98 (95%
CI 0.961 to 0.986), UA cut off level of 6.8 mg/dl was 91% sensitivity
and 80% specificity for the development of renal impairment (DKD/
CKD) among type-2 diabetics (p<0.0001; table 5 and figure 2). Hence,
according to our data, UA levels of 6.8 mg/dl should be alarming to
the diabetologist, endocrinologist, internal medicine, and primary
care physicians to initiate dietary interventions or pharmacological
management to prevent further diabetes related complications.
Further, multicenter studies are required internationally to confirm
the findings of our study.

Conclusion and Recommendations

Our study has given a message to physicians that diabetic patients
should be screened for hyperuricemia. Our data has demonstrated

Table 5: Pearson’s (x?), logistic regression/odd ratio, regression model and ROC.

. Pearson’s (x?) Fisher’s exact test Llnear-b.y-l.l near LOgI.St'IC
Variables value value Association Regression and
P P p-value Odds Ratio (95% Cl)
Hyperuricemia and HTN <0.0001 <0.0001 <0.0001 2.5(1.8t03.4)
Hyperuricemia and <0.0001 <0.0001 <0.0001 2.1(1.46 t0 2.8)
Nephropathy
Hyperuricemia and DKD <0.0001 <0.0001 <0.0001 27.3 (14 to 53)
Regression Analysis and Model for Serum Uric Acid and Creatinine
R? F Statistic ANOVA Model T Statistic P-Value Regression Equation
P-Value
Serum creatinine =
0.16 117 <0.0001 2.9 <0.0001 0.221 + [ 0.154 x serum uric
acid]
ROC Statistics
standard Uric acid coordinates
Test variables (AUC) 95% ClI P-Value and cutoff points for the
error
development of DKD
. 6.8 mg/dl
DKD
g and serum uric 0.98 0.006 0.961 - 0.986 <0.0001 (91% sensitivity and 80%
specificity)
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12,0 10 7
A
e
e
//
10.07 //
i
_ -
//
20 ///
o —
s //
= :
D 60 = P
E 2 /
AL 5
w g
4.0
2.04 —_
o
L] L] L)
ot 2 04 06 08 1.0
Diabetic Kidney Disease 1 - Specificity
Figure 1: Box plot of serum uric acid levels with or without DKD. Figure 2: ROC of serum uric acid and Diabetic Kidney Disease (DKD).
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significant associations of UA with HTN, nephropathy and diabetic
kidney disease. It is the time to revise the normal levels of UA among
type-2 diabetics. If UA levels reach up 6.8 mg/dl, then the healthcare
provider must educate and counsel the patients with lifestyle and
dietary advises (dietitian nutritional counselling). If the goals are not
achieved then pharmacotherapy should be considered to prevent UA
diabetes related complications.
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