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Abstract

Currently serum uric acid is not considered a metabolic biomarker in diabetes. The purpose of
the current study was to find the significant associations, correlations and to develop
regression models between uric acid, HbAlc, and serum insulin among diabetic patients.

The study enrolled type-1 and type-2 diabetic patients for 30 months. For HbA1lc and uric acid,
patients were divided into two groups: HbAlc <7% or HbAlc 27%, UA < 6.5 mg/dl or UA =
6.5mg/dl, respectively. For measurement of insulin levels, patients on diet/metformin only
were selected.

Data for 1205 patients were analyzed which included 754 (62.6%) males, 451 (37.4%) females,
92 (7.6%) type-1, and 1113 (92.4%) type-2diabetic subjects. For the group HbAlc < 7%, uric
acid levels were higher (mean 5.84+4.7) as compared to HbAlc > 7% (mean 4.8+1.5); for the
group UA < 6.5 mg/dl, serum insulin levels were lower (mean 39+15.7) as compared to the
group with UA= 6.5 mg/dl (mean 73.4+20.5). Uric acid was significantly and inversely
correlated with HbAlc (r = - 0.13, p-value < 0.0001) and positively correlated with serum
insulin (r = 0.293, p-value = 0.005). Regression models for uric acid and HbA1c was found to be
HbAlc = 10.235 + (-0.094 x uric acid); p-value < 0.000 and for uric acid with insulin was
observed to be Serum insulin =-9.650 + (11.595 x uric acid); p-value 0.005.

Higher levels of uric acid are associated with lower HbA1lc both in type-1 and type-2 diabetic
patients. Uric acid is involved in the augmentation of insulin secretion in type-2 subjects.
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Introduction and Background

Currently, diabetes is considered a major
health problem with increasing prevalence,
and leading cause of morbidity, mortality
and vast complications (King et al. 1998;
Chen et al. 2002; Sheetz and King 2002;
Mathers and Loncar 2006). Landmark and
historical research trials have shown a
positive association between impaired
glycemic control (hyperglycemia) and the
risk of CHD (coronary heart disease) and
other diabetes complications such as
nephropathy (Nathan et al. 1995; Wei et al.
1998; Turner et al. 1998). Hence,
controlling hyperglycemia is important to
reduce complications. Long term diabetes
control status is assessed by HbAlc
(glycosylated hemoglobin) (Santigo et al.
1978; Caglier et al. 1999). For monitoring
diabetes, HbAlc is now a standard
methodology in diabetology clinics, which
measures patient’s glycemic control for the
past 2-3 months (Little et al. 2001; Berg et
al. 2008). Regarding human metabolism,
uric acid [UA; 7, 9-dihydro-1H-purine-
2,6,8(3H)-trione] is the final breakdown
product of purine degradation in humans,
which is a weak acid distributed
throughout the extracellular fluid as
sodium urate and ultimately excreted in
urine. The amount of urate in the blood
depends on the dietary intake of purines,
urate biosynthesis, and the rate of urate
excretion. (Van et al. 2006). Emerging data
suggest that uric acid is implicated as a risk
factor and cause of numerous disease
states such as gout, hypertension, type-2
diabetes, cardiovascular and renal disease
(Fang and Alderman 2000; Kang et al
2002; Nakanishi et al. 2003; Alper et al.
2005; Bos et al. 2006; Johnson et al. 2009).

The metabolic syndrome (syndrome X or
insulin resistance syndrome) consists of a
group of metabolic abnormalities that
increase the risk of cardiovascular disease
(CVD) and diabetes mellitus (DM).Under
normal physiological conditions, insulin
actively reduces the renal clearance of both
sodium and uric acid. These actions are
also preserved during the states of insulin-
resistance such as obesity, diabetes and
essential hypertension, and hence are the
cause of clustering hyperinsulinemia (X-

syndrome), hyperuricemia and
hypertension (Quinones et al. 1988a;
Fachini et al. 1991; Vuorinen et al.1994;
Quinones et al. 1995b; Reaven et al. 1998;
Niskanen et al. 2006;) . This phenomenon
indicates that metabolic syndrome
comprises a group of abnormalities
including high uric acid. Hyperuricemia is
defined as a plasma (or serum) urate
concentration >405 pumol/L (6.8 mg/dL).
Currently, uric acid is still not considered a
potential biochemical marker and target
while managing diabetes.

Insulin is a peptide hormone with a
molecular weight of approximately 6000
Daltons. It is secreted by [-cells of the
pancreatic islets of Langerhans and is
generally released in pulses, with the
parallel glucose cycle normally about 2
minutes ahead of the insulin cycle (Lang et
al. 1979). Normal insulin secretion at basal
and prandial (meal related) occasions
controls hyperglycemia and improves
glycemic control. Furthermore, exact
association between serum uric acid levels
and diabetes mellitus, hyperglycemia,
hyperinsulinemia is still not clear. There
are some studies which have reported a
positive association between high serum
uric acid and the development of type-2
diabetes (Modan et al. 1987; Perry et al.
1995; Dehghan et al. 2008; Chien et al
2008; Kramer et al. 2009; Kodama et. al.
2009), other studies claim no association
(Taniguchi et at. 2001), whereas some
research trials have proved an inverse
relationship (Nan et al 2007; Oda et al.
2009). However most of these studies have
selected the pre-diabetic patients to
observe the association and risk for
developing type-2 diabetes and its
prevalence, while others have measure
common correlations and no study could
be found in this capacity for type-1 diabetic
patients. In addition to these controversial
phenomena, a study conducted on beta cell
function with HOMA, among subjects with
hyperuricemia, has reported failure of beta
cells to compensate for the variation in
insulin sensitivity and lack of insulin action
(Simental-Mendia et al. 2009). Hence, it can
be observed that there are studies on
different  populations  which  have
established strong association between
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serum uric acid as a risk factor and the
development of type-2 diabetes while
others have reached to an opposite
conclusion for association of uric acid with
improved insulin secretion.

Similarly there are no studies so far which
have measured significant association with
regression models for HbAlc and serum
uric acid among diabetic subjects, which is
essential to estimate. Similarly, statistical
regression models are lacking for serum
uric acid and fasting serum insulin levels to
estimate insulin secretion from B-cell of
pancreas for type-2 diabetics.

Under this scientific background, the
purpose of the current study was to
measure the significant association,
correlation (positive or negative) and to
develop a regression model between
HbA1c levels (glycemic control) and serum
uric acid among diabetic patients. Also, it
was the aim to measure the correlation of
serum insulin with uric acid, which so far
has not been studied. In other words, the
aim of this study by such methodology was
to develop a statistical model by which
HbA1c or diabetes control (for type-1 and
type-2 diabetics) and insulin secretion by
B-cells (in type-2 diabetics) can be
estimated.

Materials and Methods

The current study is a prospective and
cross sectional analytical study which has
enrolled the diabetic patients who were on
routine follow up in diabetology clinic.

Aseer Diabetes Center of Aseer Central
Hospital is one of the largest tertiary care
diabetes centers for the Ministry of Health
in Aseer Region, equipped with all modern
facilities. Diabetic patients from Aseer
province are referred to Aseer Diabetes
Center for evaluations and follow up. The
study included type-1 and type-2 diabetic
patients. Children (age <13 years) and
pregnant diabetic subjects were excluded
from the study. Similarly, patients on end
stage renal disease (ESRD) or on dialysis
and with active hepatic disease were again
excluded from the study. Data for known
diabetic patients (type-1 and type-2) were

collected in the diabetology clinic from
December 2011 till May 2013, a total
duration of 30 months (2.5 years).

Considering the hyperglycemia, a cut off
value of 7% was selected and all the
patients were divided into two groups for
HbA1lc levels, HbAlc <7% or HbA1lc=7%.
Similarly, two groups were synthesized for
uric acid levels, UA < 6.5mg/dl or UA =
6.5mg/dl.

Furthermore, for the analysis of data for
uric acid and HbA1c, all diabetic patients of
the study (both type-1 and type-2) were
included. However, for the analysis of data
for uric acid and fasting serum insulin
levels, patients on diet control or only on
metformin therapy were selected; all those
patients who were managed on insulin
secreting therapy i.e., sulfonylureas/oral
hypoglycemic agents (SU/OHAs) or those
on any type of insulin injections therapy,
including type-1 diabetics, were excluded
from this analysis. This methodology was
applied to exclude insulin secretary effect
by medications (OHAs, insulin), to assess
only endogenous insulin secretion, and to
analyze levels of insulin with that of uric
acid. Hence regarding the management,
there were two groups of patients, those on
diet/metformin and others on OHA/insulin
therapy.

Laboratory Samples Collection, and Data
Retrieval

All laboratory measurements and data
were collected at follow up visits in fasting
state and by standardized methodology.
Interested variables (HbAlc, serum uric
acid, and fasting insulin) were selected for
the analysis and study. Samples were sent
to Aseer Central Hospital main laboratory
for biochemical analysis. HbAlc was
measured by Alc Flex® Reagent by the
Dimension® clinical chemistry system, an
in vitro diagnostic assay for the
quantitative determination of both percent
hemoglobin Alc and total hemoglobin,
based on a turbidimetric inhibition
immunoassay (TINIA) principle, and the
measurement of total hemoglobin is based
on a modification of the alkaline hematin
reaction, an NGSP certified methodology
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(Siemens healthcare diagnostics Inc.
Newark, DE 19714, U.S.A). The percentage
of total hemoglobin that is glycated was
calculated and reported as %HbAlc (in
g/dL), and the final result has been
standardized to the results obtained in
DCCT (Chang et al. 1998; Metus et al 1999).

Uric acid was measured by URCA method
used on Dimension® clinical chemistry
system, an in vitro diagnostic intended for
the quantitative determination of uric acid
in human serum and plasma (Siemens
healthcare diagnostics Inc. Newark, DE
19714, U.S.A). The uric acid method is a
modification of the uricase method first
reported by Bilger and Johns (later
modified by Kalckar) (Slaunwhite et al.
1975; Pachla and Kissinger 1975). 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 uric acid is directly
proportional to the concentration of uric
acid in the sample and is measured using a
bichromatic (293, 700 nm) endpoint
technique.

Serum insulin was measured by
electrochemiluminescence = immunoassay
(ECLIA) technique using insulin kit on
Cobas® e 411 immunoassay analyzer, an in
vitro diagnostic test for quantitative
determination of human insulin (Roche
Diagnostics GmbH, Mannheim, Germany)
(Marcovina et al. 2007)

All sample requests were entered and
retrieved by centralized and computerized
Natcom Hospital Information System
(NATCOM HIS; National Computer System
Co. Ltd), a server based hospital
management system interconnecting all
departments of Aseer Central Hospital and
its diabetes center.

Statistical Methods

Variables of interest were entered and all
data analyzed using SPSS® version 14 for
Windows (SPSS®Inc, USA). All statistical
tests were performed by standardized

methodology in accordance with the
reference to statistical research literature
review (Norman et al. 1994; Kleinbaum et
al. 1998; Simpson and Berry 1998;
Sawilowsky et al. 2002). For conducting
statistical tests and analysis, it was assured
that all assumptions were met, such that
outcome variable (HbAlc, fasting serum
insulin) and other variables were normally
distributed (requiring no data
transformation) while observing the
skewness and kurtosis values between -1
and +1 with no influential outliers. For
HbAlc and uric acid correlation and
regression model building, again all
statistical assumptions were satisfied,
while  using  Pearson’s  correlation
coefficient (r), that variables have linear
relationship. Regression model was used to
measure the extent to which serum uric
acid can predict HbAlc (diabetes control)
and insulin secretion as well. To observe
the possible effects and interactions of
confounders, such as body mass index and
serum lipids (total cholesterol,
triglycerides and LDL-C), univariate
ANCOVA was additionally performed, after
fulfilling the statistical assumptions and
criteria for ANCOVA.

This study was designed to have a
statistical power of 90% to detect
significant changes. All p-values were two
sided, and p-values less than 0.05 were
considered statistically significant.

Results

Data for 1205 patients were analyzed to
obtain the significant results. There were
754 (62.6%) males and 451 (37.4%)
females in the study with 92 (7.6%) type-1
and 1113 (92.4%) type-2 subjects. 496
(41%) demonstrated HbAlc <7% while
709 (59%) with HbA1lc 27%. Similarly, 784
(65%) had uric acid UA < 6.5 mg/dl while
421 (35%) subjects showed UA = 6.5
mg/dl. 1032 (85.7%) patients were using
different OHA/insulins while 173 (14.3 %)
were on diet control or metformin only.
Detailed demographic characteristics are
presented in Table-1.
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Table 1: Demographic Data of Diabetic Patients

Parameters Description with N (%) ; Totals = 1205
Gender Male Female
754 (62.6%) 451 (37.4%)
Type of Diabetes Type-1 Type-2
92 (7.6%) 1113 (92.4%)
Obesity Obese Non-Obese
532 (44.1%) 673 (55.9%)
HbA1c Groups HbA1c 7<% HbA1c 27%
496 (41%) 709 (59%)
Uric Acid Groups UA < 6.5 mg/dl UA 2 6.5 mg/dl
784 (65%) 421 (35%)
Management Groups Diet/Metformin only OHA/Insulins
173 (14.3 %) 1032 (85.7%)

Table-2 shows data for variables of age,
diabetes duration, HbAlc, uric acid, and
serum insulin levels, BMI, total cholesterol,
triglycerides, and LDL-Cholesterol with
mean+SD (95% CI). Table-3 shows data for
grouped variables of HbAlc (<7% and
27%), uric acid (<6.5mg/dl and 26.5mg/dl)
with Mean * SD (95%CI). According to the
data produced by SPSS, it was observed
that for the patients of the group HbAlc <
7%, uric acid levels were higher with mean
5.8+4.7 (95%CI 5.24 to 6.35) as compared
to those with HbAlc = 7% where uric acid
was at lower level with mean  4.8+1.5

(95% CI 4.72 to 4.99). Similarly, it was also
observed that for the group UA < 6.5 mg/d]l,
serum insulin levels were lower with mean
39+15.7 (95% CI 27.5 to 50.7) as compared
to the group with UA = 6.5 mg/dl with
mean 73.4 * 20.5 (95% CI 46 to 100.6).
Additionally, it was also found that for
HbAlc < 7% serum insulin levels were
higher with mean 47.8 + 21.3(95% CI 26 to
69.4) as compared to those with HbAlc =
7% where mean was 42.56 = 18.4 (95% CI
22.8 to 34.2).This data is presented in
table-3 and graphically presented by box
plots in figure 1 and figure-2.

Table 2: Variables with Mean % SD (95% CI)

Variables MeanSD
Age 56.9+14.4
Diabetes duration 14.9+9.56
HbA1c % (g/dL) 9.68+2.2
Serum uric acid 5.2 +3
Fasting insulin (pU/mL) 43.24+£51.9
BMI 29.6+£5.94
Total Cholesterol 191.5+49.5
Triglyceride 158.5+90
LDL-C 119.5+51.9
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Table 3: Grouped Variables (Uric Acid, HbA1c, and Fasting Insulin Levels) with Mean % SD

(95%CI)
Variables with Mean * SD
(95%CI)
Serum Uric for HbA1lc 27 % Serum Uric for HbAlc < 7%
4.8+1.5 5.8+4.7
(4.72 t0 4.99) (5.24 to 6.35)
Fasting InsulinUA 2 6.5 mg/dl Fasting Insulin for UA < 6.5
73.4 £20.5 39+15.7
46 t0 100.6 27.5t0 50.7
Fasting insulin for HbA1c =7 % Fasting insulin for HbAlc < 7%
42.56 +18.4 47.8+21.3
22.8to0 34.2 26 to 69.4
% 75
£
HbA1(':<7% HbA1t:27%

Figure 1. Box Plot for Serum Uric Acid Levels with HbAlc
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Figure 2. Box Plot for Serum Insulin Levels with Uric Acid

Regarding ANCOVA, it was observed during variables (serum insulin and uric acid).
statistical analysis that no linear Hence by this methodology, possible
relationship existed between the outcome interactions of confounders (BMI, total
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cholesterol, triglycerides, LDL-C) were
ruled out and further analysis was
performed thereafter.

Similarly, possible effect of gender on
fasting serum insulin levels was ruled out
by performing statistical t-test which
demonstrated non-significant differences
(p-value = 0.849).

Table -4 and table-5 respectively show the
significant correlations and students’ t-test
for the variables selected. According to this,

uric acid was significantly and inversely
correlated and associated with HbAlc (r =-
0.13, p-value < 0.0001; t-test p-value =
0.007). Uric acid was also significantly
positively correlated and associated with
serum insulin levels (r = 0.293, p-value =
0.005; t-test p-value < 0.0001). Although
this is not the objective of the study, it was
observed that HbA1lc was significantly and
inversely correlated and associated with
serum insulin levels (r = - 0.230, p-value <
0.05; t-test p-value < 0.0001).

Table 4: Significant Pearson's Correlations between Uric Acid, HbA1c and Fasting Insulin

Levels
Variables tested Pearson's correlation P-value
for correlation coefficient
Uric acid with HbAlc R=-0.131 <0.0001
Uric acid with fasting insulin R=0.293 0.005
HbA1c with fasting insulin R=-0.230 <0.05

Table 5: T-test for Group of Variables (Uric Acid and HbA1c)

T-tests for group of variables P-value
(HbA1c / UA)
Fasting insulin for UA < 6.5 and UA > 6.5 0.007
Uric acid with Hbalc < 7% and HbAlc > 7% <0.0001
HbAlc for UA < 6.5 and UA > 6.5 <0.0001

Spearman's Cause effect relation between
fasting serum insulin and uric acid (UA>
6.5 mg/dl and UA>6.5 mg/dl) is shown in
table-6  with p-value 0.007 which

demonstrates that there is a strong cause
effect relationship between the two
variables.

Table 6: Spearman's Cause Effect Relation between Serum Insulin Levels and Uric Acid

Variables tested for cause effect Spearman's rho P-value
relation Correlation Coefficient
Fasting Insulin and Uric Acid 0.281 0.007

Predictive regression models are shown in
table-7 with Beta (B), R, R% and adjusted
RZ For the regression models of serum uric
acid and HbAlc, p-value was significant at
the level of < 0.0001 with following
regression equation in the form of y = a +
bx:

HbAlc =10.235 + (-0.094 x uric acid)

Similarly, for the regression models of
serum uric acid and fasting serum insulin

levels, p-value was significant at the level of
0.005 with the following regression
equation in the form of y = a + bx:

Serum insulin = -9.650 + (11.595 x uric
acid)

These significant regression models with
linear curve estimation are presented in
figure 3 and 4 respectively.
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Table 7: Regression Models for Uric Acid, HbA1c and Serum Insulin Levels
Regression Models
Variables F- T- R/R? B P-value Regression / linear
Value | Value | (Adjusted R?) | (Beta) equations
y=a+bx
Serum uric acid and HbAlc
(dependent variable)
Uricacid | 2499 | -5.0 0.178/0.032 -0.178 | <0.000
and (0.030) HbA1c=10.235 + (-0.094 x
HbAlc uric acid)
Serum uric acid and fasting
insulin levels (dependent
Uric acid 8.35 2.89 0.293 /0.086 0.293 0.005 | variable)
and (0.076)
fasting Insulin=-9.650 + (11.595 x
insulin uric acid)

20.04

O Observed
— Linear

serum Uric Acid

Figure 3. Regression Diagram with Linear Curve Estimation for Uric Acid and HbA1c

fasting Insulin miU/L

T
400

serum Uric Acid
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= Unear

Figure 4. Regression Diagram with Linear Curve Estimation for Uric Acid and Fasting

Insulin Levels
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Discussion

In the usual general medical and diabetes
management practice, serum uric acid is
usually overlooked as a potential marker of
diabetic metabolic status and insulin
secretion estimation. In the medical
literature, there are some studies which
have proved a positive association between
serum uric acid and development of type-2
diabetes and syndrome-X ((Lang et al.
1979; Quinones et al. 1988a; Fachini et al.
1991; Vuorinen et al.1994; Quinones et al.
1995b; Perry et al. 1995; Reaven et al.
1998; Niskanen et al.2006). However, these
studies either did not include diagnosed
diabetic patients or did not develop
statistical models to predict diabetes
control status i.e., HbAlc. Moreover and
conversely, it is also interesting to note that
some of these studies have documented
hyperinsulinemia with increasing serum
uric acid levels among subjects without
diabetes (Chou et al. 2001). These data can
be interpreted such that uric acid might
augment insulin secretion. Furthermore,
hyperuricemia has been implicated as a
strong  causative  factor for  the
development of insulin  resistance
indicating its involvement in
hyperinsulinemia and independent risk
factor for future development of type-2
diabetes mellitus (Vuorinen-Markkola et al.
1994). However, its association was also
found to be negatively associated with
diabetes (Nan et al 2007; Oda et al. 2009).
It has been documented in research trials
that hyperglycemia per se may lead to
increased urinary excretion of uric acid
(Herman et al. 1982). Similarly, it has been
shown that hyperinsulinemia due to insulin
resistance causes an anti-uricosuric effect
on the renal system leading to high levels
of uric acid in serum or plasma (Whitehead
et al. 1992; Mount et al. 2006; Adlija et al.
2010). Under these observations including
hyperglycemia, HbAlc levels should be
high (hyperglycemia leading to
hyperinsulinemia or IR and ultimately high
HbA1c) and as well as those of serum uric
acid, which was not the case in our study.
Current study observations were opposite
to the hypothesis of positive association of
uric acid with impaired glucose control,
where we found a negative and inverse

relationship between serum uric acid and
HbA1lc among diabetic patients. Hence, in
the present study uric acid was found to be
a potential biomarker of the glucose
metabolism.

Additionally, the role of elevated serum
uric acid in augmentation or suppression of
insulin secretion still remains obscure.
Some investigators have reported the
involvement of uric acid in impaired or
decreased insulin secretion (Scott et al.
1981; Roci¢ et al. 2005; Jia et al. 2006;
Weghuber et al. 2013; Mangge et al. 2013),
suggesting that uric acid might inhibit
insulin secretion. All this research evidence
requires further studies to investigate the
role of uric acid in augmentation of insulin
secretion in details.

It was also the aim of the current study to
investigate how serum uric acid
concentration affects and correlates with
that of fasting insulin in diabetic patients.
Our observations were not different from
the previous research trials which have
reported increased insulin secretion by
uric acid (Worlicek et al. 1981; Sinagra et
al. 1996). However, there were no studies
which have synthesized the regression
model for uric acid and insulin levels,
neither estimated insulin secretory effect
by uric acid; this goal was achieved in the
current study. Hence, the current study
findings with regression models proved
that uric acid augments insulin secretion.
For example, according to the observed
regression equation, if uric acid level of 5
mg/dl is considered then insulin
secretion/level would be about 48.3
uU/mL. Similarly, if uric acid is found to be
10 mg/dl, then insulin levels would be
about 106.35 pU/mL, approximately more
than 2-fold than the previous value. By this
regression equation methodology, insulin
secretion and levels can be easily
determined by diabetologist or physician in
routine clinical practice for type-2 DM
patients.

This phenomenon can be utilized among
type-2 diabetic patients for the assessment
of insulin secretion by beta-cell and at the
same time for the dosage adjustments of
OHA/insulins for those patients who have a
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history of hypoglycemia with sulfonylureas
or insulin injections.

Furthermore, UA has been also known in
the research literature as antioxidant
(Ames et al. 1981; Bowman et al. 2010).
This antioxidant property might preserve
or delay apoptosis and improve the B-cell
function in diabetics and augment the
insulin secretion, a phenomenon which has
been observed in the current study.
However, further studies are required for
the role of uric acid as antioxidant in
diabetes state.

Although these are not the objectives of the
study, statistically it was found that HbAlc
levels were negatively and significantly
correlated with insulin levels indicating
improvements of diabetes control with
augmentation of insulin secretion by uric
acid in the same sample of diabetic subjects
and data sets. However, the fact of inverse
relationship between uric acid and HbAlc
among type-1 DM subjects remains unclear
as there is total destruction of (-cells.
Further studies are required to investigate
this phenomenon. But for type-2 DM
subjects, elevated uric acid levels cause
augmentation of insulin secretion which in
turn improves glycemic control and cause
reduction in HbA1c levels, a phenomenon
of inverse relation between uric acid and
HbAlc.

These pieces of evidence suggest that uric
acid might have an important role in the
determination of the beta cell function in
patients with type-2 diabetes,
augmentation of insulin secretion and
improvement of glycemic control both in
type-1 and type-2 diabetic patients. Uric
acid should be measured in diabetology
clinics  while requesting  baseline
investigations, and proposed regression
model can be utilized for the assessment of
insulin secretion, -cell function in type-2
diabetic patient and consequent
management accordingly. Further studies
are required to investigate in depth the
role of uric acid for the improvement or
augmentation of insulin secretion in type-2
diabetic subjects and glycemic control
status both in type-1 and type-2 diabetic
patients.

Conclusion

Uric acid is a potential metabolic
biomarker of insulin secretion and
glycemic control. While requesting baseline
investigations in diabetology clinics, uric
acid should also be requested to assess the
level of insulin secretion. Proposed
regression models can be used as a guide to
estimate insulin secretion and [-cell
function in type-2 diabetic patients.
Further studies at molecular and
hyperinsulinemic-euglycemic clamp level
are required to investigate and quantify in
depth the role of uric acid in augmentation
of insulin secretion and insulin resistance.

References

Adlija, C., Sabina, S., Amra, M. D., Bakira, C,,
Tanza, D., Maja, M. & Tamer, B. (2010).
'Relevance of Uric Acid in Progression of

Diabetes Mellitus,' Journal of Basic Science.
2010; 10(1): 54-59.

Alper, A. B. Jr, Chen, W, Yau, L., Srinivasan,
S. R, Berenson, G. S. & Hamm, L. L. (2005).
“Childhood Uric Acid Predicts Adult Blood
Pressure: The Bogalusa Heart Study,”
Hypertension 2005; 45:34-38.

Ames, B. N., Cathcart, R, Schwiers, E. &
Hochstein, P. (1981). “Uric Acid Provides
an Antioxidant Defense in Humans against
Oxidant- and Radical-Caused Aging and
Cancer: A Hypothesis,” Proceedings of the
National Academy of Sciences of the United
States of America 1981 Nov; 78(11):6858-
62.

Berg, A. H. & Sacks, D. B. (2008).
“Haemoglobin Alc Analysis in the
Management of Patients with Diabetes:
From Chaos to Harmony,” Journal of
Clinical Patholpgy 2008; 61:983-987.

Bos, M. ], Koudstaal, P. ], Hofman, A,
Witteman, J. C. M. & Breteler, M. M. B.
(2006). “Uric Acid is a Risk Factor for
Myocardial Infarction and Stroke: The
Rotterdam Study,” Stroke 2006; 37:1503-
1507.

Kamran M. A. Aziz (2014), Journal of Research in Diabetes, DOI: 10.5171/2014.237887



11

Journal of Research in Diabetes

Bowman, G. L., Shannon, ., Frei, B, Kaye, J.
A. & Quinn, J. F. (2010). “Uric Acid as a CNS
Antioxidant,” Journal of Alzheimer's Disease
2010; 19(4):1331-6.

Cagliero, E., Levina, E. V. & Nathan, D. M.
(1999). “Immediate Feedback of HbAlc
Levels Improves Glycemic Control in Type
1 and Insulin-Treated Type2 Diabetic
Patients,” Diabetes Care 1999; 22: 1785 -
1789.

Chang, J., Hoke, C., Ettinger, B. & Penerian,
G. (1998). “Evaluation and Interference
Study of Hemoglobin Alc Measured by
Turbidimetric Inhibition Immunoassay,”
American Journal of Clinical Pathology
1998; 109 (3): 274-278.

Chen, X, Tank, L., Tan, A., Zhao, L. & Hu, C.
(2005). 'Economic Burden and the Impact
of Complications of Type 2 Diabetes
Mellitus in Urban China,' 2005.

Chien, K.- L., Chen, M.- F., Hsu, H.- C. et al.
(2008). “Plasma Uric Acid and the Risk of
Type 2 Diabetes in a Chinese Community,”
Clinical Chemistry, vol. 54, no. 2, pp. 310-
316, 2008.

Chou, P., Lin, K. C,, Lin, H. Y. & Tsai, S. T.
(2001). “Gender Differences in the
Relationships of Serum Uric acid with
Fasting Serum Insulin and Plasma Glucose
in Patients without Diabetes,” Journal of
Rheumatology 2001; 28: 571-576.

Dehghan, A., Van Hoek, M, Sijbrands, E. J.
G., Hofman, A. & Witteman, ]. C. M. (2008).
“High Serum Uric Acid as a Novel Risk
Factor for Type 2 Diabetes,” Diabetes Care,
vol. 31, no. 2, pp. 361-362, 2008.

Facchini, F., Chen, Y.- D. 1., Hollenbeck, C. B.
& Reaven, G. M. (1991). “Relationship
between Resistance to Insulin - Mediated
Glucose Uptake, Urinary Uric Acid
Clearance, and Plasma Uric Acid
Concentration,” JAMA 1991; 266: 3008 -
3011.

Fang, ]. & Alderman, M. H. (2000). “Serum
Uric Acid and Cardiovascular Mortality the
NHANES I Epidemiologic Follow-Up Study,
1971-1992,” National Health and Nutrition
Examination Survey. JAMA 2000;
283:2404-2410.

Herman, J. B. & Goldbourt, U. (1982). “Uric
Acid and Diabetes: Observations in a
Population Study,” Lancet 2:240 -243,
1982

Jia, S. D, Wang, Y. G. & Li, J. (2006). “An
Analysis of Islet Beta-Cell Function in
Hyperuricemia,” Zhonghua nei ke za zhi ,
vol. 45, no. 6, pp. 456-458, 2006.

Johnson, R. ], Perez- Pozo, S. E., Sautin, Y. Y.,
Manitius, J., Sanchez-Lozada, L. G. et al
(2009). “Hypothesis: Could Excessive
Fructose Intake and Uric Acid Cause Type 2
Diabetes?,” Endocrine Reviews 2009; 30: 96
-116.

Kang, D.- H., Nakagawa, T. Feng, L,
Watanabe, S., Han, L., Mazzali, M., Truong,
L., Harris, R. & Johnson, R. ]. (2002). “A Role
for Uric Acid in the Progression of Renal
Disease,” Journal of the American Society of
Nephrology 2002; 13:2888-2897.

King, H. Aubert, R. E. & Herman, W. H.
(1998). “Global Burden of Diabetes, 1995-
2025. Prevalence, Numerical Estimates,
and Projections,” Diabetes Care 1998;
21:1414.

Kleinbaum, D. G., Kupper, L. L., Muller, K. E.
& Nizam, A. (1998). Applied Regression
Analysis and Other Multivariable Methods,
Pacific Grove, California: Duxbury Press,
1998; pp237-245.

Kodama, S., Saito, K., Yachi, Y. et al. (2009).
“Association between Serum Uric Acid and
Development of Type 2 Diabetes,” Diabetes
Care,vol. 32,n0. 9, pp. 1737-1742, 2009.

Kamran M. A. Aziz (2014), Journal of Research in Diabetes, DOI: 10.5171/2014.237887



Journal of Research in Diabetes

12

Kramer, C. K., Von M uhlen, D., Jassal, S. K. &
Barrett- Connor, E. (2009). “Serum Uric
Acid Levels Improve Prediction of Incident
Type 2 Diabetes in Individuals with
Impaired Fasting Glucose. The Rancho
Bernardo Study,” Diabetes Care, vol. 32, no.
7, pp- 1272-1273, 2009.

Lang, D. A, Matthews, D. R, Peto, ]. &
Turner, R. C. (1979). “Cyclic Oscillations of
Basal Plasma Glucose and Insulin
Concentrations in Human Beings,” New
England Journal of Medicine 1979;
301:1023-1027.

Little, R. R, Rohlfing, C. L., Wiedmeyer, H.
M., Myers, G. L., Sacks, D. B., Goldstein, D. E.
& NGSP Steering Committee. (2001). "The
National Glycohemoglobin Standardization
Program: A Five-Year Progress Report,”
Clinical Chemistry 2001; 47:1985-1992.

Mangge, H. Zelzer, S. Puerstner, P,
Schnedl, W. ], Reeves, G., Postolache, T. T.
et al. (2013). “Uric Acid Best Predicts
Metabolically Unhealthy Obesity with
Increased Cardiovascular Risk in Youth and
Adults,” Obesity. Jan; 21(1):E71-7, 2013.

Marcovina, S., Bowsher, R., Miller, W. G,,
Staten, M. Myers, G. etal. (2007).
“Standardization of Insulin Immunoassays:
Report of the American Diabetes
Association Workgroup,” Clinical Chemistry
2007; 53:4:1-6.

Mathers, C. D. & Loncar, D. (2006).
'Projections of Mortality and Burden of
Disease to 2030, World  Health
Organization, Burden of Disease Project.
2006.

Metus, P., Ruzzante, N., Bonvicini, P.,
Meneghetti, M., Zaninotto, M. et al. (1999).
“Immunoturbidimetric Assay of Glycated
Hemoglobin,” Journal of Clinical Laboratory
Analysis 1999; 13 (1): 5-8.

Modan, M., Halkin, H., Karasik, A. & Lusky,
A. (1987). “Elevated Serum Uric Acid—A
Facet of Hyperinsulinaemia,” Diabetologia,
vol. 30, no. 9, pp. 713-718, 1987.

Mount, D. B., Kwon, C. Y. & Zandi-Nejad, K.
(2006). “Renal Urate Transport,”
Rheumatic Disease Clinics of North America
32:313-331(2006).

Nakanishi, N., Okamoto, M., Yoshida, H.,
Matsuo, Y., Suzuki, K. et al. (2003). “Serum
Uric Acid and Risk for Development of
Hypertension and Impaired Fasting
Glucose or Type II Diabetes in Japanese
Male Office Workers,” European Journal of
Epidemiology 2003; 18: 523 - 530.

Nan, H.,, Dong, Y., Gao, W., Tuomilehto, J. &
Qiao, Q. (2007). “Diabetes Associated with
a Low Serum Uric Acid Level in a General
Chinese Population,” Diabetes Research and
Clinical Practice, vol. 76, no. 1, pp. 68-74,
2007.

NATCOM Hospital Information System
(NATCOM HIS), National Computer System
Co, Ltd. http://natcom.com.sa/healthcare
and http://natcom.com.sa/clients
(Accessed on: November 17, 2010).

Nathan, D. Diabetes Control and
Complications Trial (DCCT) Research
Group. (1995). “Effect of Intensive Therapy
on the Development and Progression of
Diabetic Nephropathy in the Diabetes
Control and Complications Trial,” Kidney
International 1995; 47: 1703 - 1720.

Niskanen, L., Laaksonen, D. E., Lindstrom, J.
, Eriksson, J. G., Keindnen-Kiukaanniemi, S.
et al. (2006). “Serum Uric Acid as a
Harbinger of Metabolic Outcome in
Subjects with Impaired Glucose Tolerance:
The Finnish Diabetes Prevention Study,”
Diabetes Care 2006; 29: 709 - 711.

Norman, G. R. & Streiner, D. L. (1994).
Biostatistics: The Bare Essentials, Missouri,
USA: Mosby Year Book Inc, 1994: p. 168.

Oda, E. Kawai, R., Sukumaran, V. &
Watanabe, K. (2009). “Uric Acid is
Positively Associated with Metabolic
Syndrome but Negatively Associated with
Diabetes in Japanese Men,” Internal
Medicine, vol. 48, no. 20, pp. 1785-1791,
2009.

Kamran M. A. Aziz (2014), Journal of Research in Diabetes, DOI: 10.5171/2014.237887



13

Journal of Research in Diabetes

Pachla, L. A. & Kissinger, P. T. (1975).
“Estimation of Serum Uric Acid by High
Performance Liquid Chromatography with
Electrochemical Detection,” Clinica Chimica
Acta 59,309 (1975).

Perry, 1. ], Wannamethee, S. G., Walker, M.
K., Thomson, A. G, Whincup, P. H. et al.
(1995). “Prospective Study of Risk Factors
for Development of Non-Insulin Dependent
Diabetes in Middle Aged British Men,” BMJ
1995; 310: 560-564.

Quinones- Galvan, A. & Ferrannini, E.
(1997). “Renal Effects of Insulin in Man,”
Journal of Nephrology 1997; 10: 188 - 191.

Quinones- Galvan, A, Natali, A, Baldi, S,
Frascerra, S., Sanna, G. et al. (1995). “Effect
of Insulin on Uric Acid Excretion in

Humans,” American Journal of Physiology
1995; 268: E1 - E5.

Reaven, G. (1988). “Banting Lecture 1988:
Role of Insulin Resistance in Human
Disease,” Diabetes 1988; 37: 1595 - 1607.

Robles-Cervantes, J. A, Ramos-Zavala, M. G.,
Gonzalez-Ortiz, M., Martinez -Abundis, E.,
Valencia-Sandoval, C. et al. (2011).
“Relationship between Serum
Concentration of Uric Acid and Insulin
Secretion among Adults with Type 2
Diabetes Mellitus,” International Journal of
Endocrinology.

Roci¢, B., Vuci¢-Lovrenci¢, M., Poje, N., Poje,
M. & Bertuzzi, F. (2005). “Uric Acid May
Inhibit Glucose-Induced Insulin Secretion
via Binding to an Essential Arginine
Residue in Rat Pancreatic [-Cells,”
Bioorganic and Medicinal Chemistry Letters,
vol. 15, no. 4, pp. 1181-1184, 2005.

Santigo, J. V., Davis, ]. E. & Fisher, F. (1978).
“Haemoglobin Alc Levels in Diabetic
Detection,” Journal of Clinical
Endocrinology & Metabolism1978; 47: 578-
81.

Sawilowsky, S. S. (2002)."Fermat, Schubert,
Einstein and Behrens-Fisher: The Probable
Difference between Two Means When 612
# 022," Journal of Modern Applied Statistical
Methods (2002), 1(2), 461-472.

Scott, F. W., Trick, K. D., Stavric, B. et al.
(1981). “Uric Acid-Induced Decrease in Rat
Insulin Secretion,” Proceedings of the
Society for Experimental Biology and
Medicine, vol. 166, no. 1, pp. 123- 128,
1981.

Sheetz, M. ]. & King, G. L. (2002). “Molecular
Understanding of Hyperglycemia’s Adverse
Effects for Diabetic Complications,” JAMA
2002; 288: 2579-88.

Simental-Mendia, L. E. Rodriguez-Moran,
M., Guerrero-Romero, F. (2009). “Failure of
Beta-Cell Function to Compensate Lack of
Insulin Action in Hyperuricemic Subjects,”
Diabetes/Metabolism Research and Reviews,
vol. 25, no. 6, pp. 535-541, 2009.

Simpson, J. & Berry, G. (1998). 'Simple
Regression and Correlation,’ In: Handbook
of Public Health Methods, Kerr C, Taylor R,
Heard G (editors). Roseville, Australia:
McGraw-Hill Companies Inc, 1998: pp 288-
295.

Sinagra, D., Scarpitta, A. M., Bonaventura, V.
et al. (1996). “Serum Uric Acid and Insulin
Secretion in Diabetes Mellitus,” European
Review for Medical and Pharmacological
Sciences, vol. 18, no. 4, pp. 173-177, 1996.

Slaunwhite, W. D., Pachla L. A., Wenke D. C.
& Kissinger P. T. (1975). “Colorimetric,
Enzymatic, and Liquid-Chromatographic
Methods for Serum Uric Acid Compared,”
Clinical Chemistry 21, 1427 (1975).

Taniguchi, Y. Hayashi, T. Tsumura, K,
Endo, G., Fujii, S. et al. (2001). “Serum Uric
Acid and the Risk for Hypertension and
Type-2 Diabetes in Japanese Men: The
Osaka Health Survey,” Journal of
Hypertension, vol. 19, no. 7, pp. 1209-1215,
2001.

Turner, R. UK Prospective Diabetes Study
(UKPDS) Group. (1998). “Effect of Intensive
Blood-Glucose Control with Metformin on
Complications in Overweight Patients with
Type 2 Diabetes (UKPDS 34),” Lancet 1998;
352: 854-65.

Kamran M. A. Aziz (2014), Journal of Research in Diabetes, DOI: 10.5171/2014.237887



Journal of Research in Diabetes

14

van Gennip, A. H,, Bierauy, J. & Nyhan, W. L.
(2006). “Inborn Error of Purine and
Pyrimidine Metabolism,” In: Blau N,
Hofman G, Leonard ] (eds.) Physician’s
Guide to the Treatment and Follow-up of
Metabolic Diseases. Heidelberg: Springer-
Verlag, 2006. pp. 245-55.

Vuorinen- Markkola, H. & Yki- Jarvinen, H.
(1994). “Hyperuricemia and Insulin
Resistance,” Journal of Clinical
Endocrinology & Metabolism 1994; 78: 25 -
28.

Weghuber, D. Zelzer, S. Stelzer, I,
Paulmichl, K., Kammerhofer, D., Schnedl, W.
et al. (2013). “High risk vs. "Metabolically
Healthy" Phenotype in Juvenile Obesity -
Neck Subcutaneous Adipose Tissue and
Serum Uric Acid are Clinically Relevant,”
Experimental and Clinical Endocrinology &
Diabetes,121(7):384-90, 2013. PMID:
23519645.

Wei, M., Gaskill, S. P., Haffner, S. M., Stern,
M. P. (1998). “Effects of Diabetes and Level
of  Glycemia on All-Cause and
Cardiovascular Mortality,” Diabetes Care
1998; 21:1167-72.

Whitehead, T. P., Junger, I, Robinson, D.,
Kolar, W., Pear], A. & Hal, A. (1992). “Serum
Urate, Serum Glucose and Diabetes,” Ann
Clin Biochem. 1992; 29: 159-61.

Worlicek, H., Grabner, W. & Riemann, J. F.
(1981). “Effects of Uric Acid on the B Cell in
the Isolated Perfused Rat
Pancreas,” Research in Experimental
Medicine, vol. 178, no. 2, pp. 165-175,
1981.

Kamran M. A. Aziz (2014), Journal of Research in Diabetes, DOI: 10.5171/2014.237887



