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Changing of Uric Acid Levels by Age and Sex in Patients with Diabetes Mellitus

Nilgiin Basaran', Osman Evliyaoglu', Veysel Sucu!, Okan Dikker', Leyla Bulut', Fatma Tezcan?,
Vesile Kalaslioglu!, Riza Sandik¢i’!, Miiberra Vardar'

ABSTRACT

Objective: We examined the association between uric acid and glycemic status by the aspects of age and sex.

Methods: The retrospective was performed study at Okmeydani Educate and Research Hospital. All data were obtained
from the patient records. Only one sample of HbA1c or glucose measurement within a year was included. To evaluate
the pattern of glucose control, we categorized the patients according to HbA1c levels and grouped them according to
a range of values. HbA1c was measured by high performance liquid chromatography, routine biochemistry parameters
were determined by photometric method.

Results: Serum uric acid levels showed an increasing trend with the age in female group and this trend became signifi-
cant after 30 years old (p<0.001). The significant effect of HbA1c and gender on uric acid levels were determined in the
subjects having no renal failure. There was a significant increase of uric acid levels in prediabetics than normal group
and decrease in unregulated diabetics. But in both sex groups the pattern of changing was different.

Conclusion: In conclusion, we found that age is an important factor examining the serum uric acid levels of female
subjects. The peak values of serum uric acid were detected in prediabetic group in males but in females this peak point
was diabetic group. J Clin Exp Invest 2016, 7 (1): 1-6
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Diyabetes Mellitus’lu Hastalarda Urik Asit Seviyelerinin Yas ve Cinsiyetle Degisimi

OZET

Amag: Calismamizda yas ve cinsiyeti goz dnuine alarak diyabetli hastalarin glisemik durumu ile Urik asit seviyelerinin
iliskisi arastirildi.

Yontemler: Calisma Okmeydani egitim arastirma hastanesinde retrospektif olarak yapildi, Hasta kayitlarindan sonuglara
ulasildi. Hastalarin bir yil icindeki tek HbA1c veya glukoz 6l¢imi calismaya dahil edildi. Glukoz kontroliini belirlemek
icin hastalar HbA1c seviyelerine gore siniflandirildi. Rutin biyokimya parametreleri fotometre ile calisilirken, HbA1c HPLC
ile cahsildi.

Bulgular: Kadin grubunda (p <0.001) urik asit dizeylerinin yasla birlikte arttigi ve bu artisin 30 yasindan sonra anlaml
hale geldigi bulundu. Bobrek yetmezligi olmayan hastalarda Urik asit seviyelerinin Gzerine HbA1c ve cinsiyetin anlaml
bir etkisi saptandi. Urik asit seviyelerinin prediyabetik hastalarda yikselirken kontrolsiiz diyabetiklerde azaldigi saptandi.
Bu azalma paterni cinsiyete gore farklilik gosterdi.

Sonug: Sonug olarak, kadinlarda Urik asit seviyelerini degerlendirirken yasin énemli bir faktér oldugu kanisina varildi.
Ayrica erkeklerde prediyabetik grupta serum Urik asit seviyeleri pik yaparken, kadinlardaki pik diyabetik grupta gozlendi.

Anahtar kelimeler: Diabetes mellitus, Urik asit, yas, cinsiyet

INTRODUCTION erful scavenger of single oxygen peroxyl (ROS) and
hydroxyl (OH) radicals [1,2]. In spite of the antioxi-
dant activity in the extracellular environment, UA has
harmful results once it enters vascular smooth muscle
cells and adipocytes [3]. Its effects are inhibition of

Uric acid (UA) is final breakdown product of purine
metabolism and is one of the first line antioxidant de-
fense mechanism in the plasma with the roles of pow-
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endothelial function [4], induction of platelet aggrega-
tion [5], and chronic systemic inflammation [6].

Hyperuricemia is described as high levels of UA
in the plasma (serum urate >7/6 mg/dL, male/female
respectively) and is derived from increased production
or decreased excretion [7]. Studies have shown that
the hyperuricemia associated with many diseases such
as; arterial hypertension [8], cardiovascular risks [9],
metabolic syndrome [10]. However, the relationship
between diabetes mellitus and hyperuricemia is still
not well defined. Some genes associated such as the
SLC2A9 gene [encodes uric acid and glocose trans-
porter] [11] and Uric acid-associated genes have an
impact on the risk of T2D, glucose metabolism, insu-
lin secretion and metabolic syndrome [12,13]. Addi-
tionally to genetic findings some studies have empha-
sized that elevated serum uric acid [SUA] levels are
positively associated with the development of type 2
diabetes itself [17], impaired fasting glucose [18] and
2-hour postload glucose [19]. Elevated SUA stated as
an independent predictor of vascular complications
and mortality in type 2 diabetes mellitus patients [14]
and is associated with excess risk for development of
the disease [15,16]. Despite these associations some
limitations to use SUA as an indicator can be counted.
First, antioxidative characteristic of UA showed para-
doxical value depending on blood concentration [20].
Second, SUA concentration differed with sex [21].
Third, age may affect SUA levels but this parameter
is not well documented in the literature. We planned
the study to evaluate the association between SUA and
glycemic status by the aspects of age and gender.

METHODS

We performed the retrospective study on a consecutive
series of outpatients who were followed up at Okmey-
dani Educational and Research Hospital for 1 year.
All data were obtained from the patient records. Only
one sample of HbAlc or glucose measurement with-
in a year was included. If there were multiple mea-
surements for a patient within a year, the most recent
measurement was selected. Patients were excluded if
they had liver disease, myocardial infarction, heart
failure and kidney disease except renal failure. To
evaluate the pattern of glucose control, we categorized
the patients according to HbAlc levels and grouped
them according to a range of values. Cut-off levels
of patients were evaluated as 6.5% according to The
American Association of Clinical Endocrinologists
[22]. Group I (3.3-5.6% HbAlc) were accepted as
the control group. HbAlc levels above the laboratory

‘normal’ range, but below the diagnostic cut-point for
diabetes (5.7-6.4%), are categorized as prediabetes
and stated as group 2 [23]. Diabetic group was named
as Group 3 where unregulated diabetics was Group 4
and worse regulated diabetics was Group 4. Venous
blood samples were drawn after 12 h of overnight fast-
ing. HbAlc was measured by high performance liquid
chromatography (Premier Hb9210, Primus Diagnos-
tics, a Trinity Biotech Company, Kansas City, USA).
Routine biochemistry parameters were determined by
photometric method (Cobas 8000, c702, Roche Diag-
nostics GmbH, Mannheim, Germany).

Statistical analysis

All the data were collected in a computerized data-
base for statistical analyses. Normality of the distri-
butions of all continuous variables was tested by the
Kolmogorov—Smirnov test. ANOVA test was used to
assess the statistical significance of differences among
groups and ANCOVA was used for covariance analy-
sis. The Pearson and Spearman correlation test was
used to determine the correlations between parameters
in each group. The SPSS 18.0 computer program was
used for analysis. A p value less than 0.05 was accept-
ed as significant.

RESULTS

We divided the study into two groups according to the
renal failure existence, descriptive of groups stated in
Table 1. Univariate general linear model of parame-
ters showed in Table 2. There was significant effect of
age on UA levels in whole group (p<0.001). Then the
study group categorized according to age (Table 3).
In females there was an increasing trend between the
groups (Figurel) and the difference between groups
were significant after 30 years old (Table 3), but in
males the difference among groups become significant
after 80 years old (p<0.05) (Figurel).
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Figure 1. Uric acid levels of age groups in male and female
subjects
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The significant effect of HbAlc and gender on
UA levels were determined in the subjects having no
renal failure (Table 1). Then the group without renal
failure categorized according to the %HbAlc levels
(Table 4) and layered by the sex. There was a signifi-
cant increase of UA levels in prediabetics than normal
group and decrease in unregulated diabetics (Figure
2). But in both sex groups the pattern of changing were
different; in males top of the increasing point was
prediabetics group, in females it was diabetics group
(Figure 2) and the difference between groups were sig-
nificant (Table 4).
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Figure 2. Uric acid levels %HbA1c groups in male and fe-
male subjects

Table 1. Descriptive

n Minimum  Maximum Mean SD
data of study groups
according to the renal Age (Year) 19805 10 99 53.21 15.42
failure existence Uric Acid (mg/dL) 19805 1 16.6 4.839 1.4384
Subjects without ~ Creatinine (mg/dL) 19805 0.14 1.2 0.7658 0.17013
renal failure Glucose (mg/dL) 19805 49 669 123.08  64.161
HbA1c (%) 19805 3.2 18.4 6.768 1.9172
Sex (Female/Male) 13036 /6769
Age (Year) 2498 16 99 68.26 12.762
Uric Acid (mg/dL) 2498 14 23 7.34 2.3956
Subjects with Creatinine (mg/dL) 2498 1.21 20.88 2.2975 1.81794
renal failure Glucose (mg/dL) 2498 49 598 134.812 75.3267
HbA1c (%) 2498 4 18.3 7.03 1.9077
Sex (Female/Male) 1033/1465
;::fr;';::;/? :::Zel Tests of Between-Subjects Effects
of parameters ANOVA of Uric Acid Subjects without renal failure Subjects with renal failure
F Sig. F Sig.
Corrected Model 95.954 <0.001 2.216 <0.001
Intercept 86.851 <0.001 8.254 0.004
Age (Year) 9.671 .002 7.314 0.007
HbAlc (%) 6.543 .011 0.266 0.606
Glucose (mg/dL) 52.036 <0.001 1.808 0.179
Sex (Female/Male) 0.001 0.974 1.376 0.241
Age groups 3.262 .001 0.976 0.453
HbA1c groups 12.205 <0.001 1.805 0.125
Sex *Age groups 13.934 <0.001 1.258 0.261
Sex* Hb groups 13.397 <0.001 1.050 0.380
Age groups * Hb groups 1.870 0.003 0.915 0.587
Sex * Age groups * Hb groups 0.581 0.964 1.286 0.167

*: between
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Table3. Study

Age (year) Uric Acid
groups according Groups /
to the age Decades n Mean+SD Minimum Maximum Uric acid Comparing with
levels (mg/dL) previous group
1 357 17+2 10 19 44+13 NS
2 1213 25+3 20 29 43+14 0.995
3 2156 35+3 30 39 44+14 0.297
4 4132 45+ 3 40 49 46+15 0.002
5 5635 55+3 50 59 5015 <0.001
6 4670 64+3 60 69 54+1.7 <0.001
7 2739 74 £3 70 79 59+2.0 <0.001
8 1307 83+2 80 89 6423 <0.001
9 94 92+2 90 99 6.6+2.7 0.962
SD: Standard deviation, NS: Not significant
Table 4. Groups according to HbA1c% levels
%HbA1c Uric Acid
o n  Mems M wec [NNC | Comwnen Compneit
Normal 1 6816 5.3#0.3 32 56 46114 <0.001 <0.001
Prediabetics 2 7110 6.0£0.3 57 6.6 51+14 NS 0.988
Regulated Diabetics 3 4128 7.3x0.4 6.7 80 5.1+1.4 0.988 NS
Unregulated Diabetics 4 2463 8.8+0.5 81 99 47+14 <0.001 <0.001
Poor Regulated Diabetics 5 1786 11.8+1.5 10.0 184 4.2+1.4 <0.001 <0.001

Min: Minimum, Max: maximum, SD: Standard deviation, NS: Not significant

DISCUSSION

Several studies have reported hyperuricemia as a risk
factor for development of diabetes mellitus, especially
in the context of insulin resistance; others have sug-
gested that patients with recently diagnosed diabetes
tend to have lower SUA than prediabetic or normo-
glycemic ones. In both statements, it may seem con-
tradictory, but in fact the main problem is complex-
ity of pathophysiology of UA. Insulin resistance and
impaired insulin secretion are strongly influenced by
UA levels [24] and may contribute to the development
of hyperuricemia [25]. This was also observed in our
study (Figurel), but increasing in UA levels differed
according to the gender (Figure 1). UA increase in
males maintained until prediabetic group and began
to decrease in diabetic group. In females increasing of
UA levels showed persistence in diabetes group until
the glucose regulation is broken. It is important be-
cause these increases were found to be statistically sig-
nificant (Figure 2). Therefore, we can say some hor-
mones may play a role in the increase of SUA levels
other than regulate glucose metabolism.

There were no significant SUA levels change be-
tween HbA 1c¢ groups in patients with renal failure. We
could say kidney would be the target organ in UA reg-
ulation (Table 2). Some studies stated that participants
who were prediabetic or diabetic but without glycos-
uria had a similarly elevated prevalence of hyperuri-
cemia. In contrast, diabetic patients with glycosuria
had a null prevalence of hyperuricemia and excreted
more UA and Sodium than diabetic subjects without
glycosuria [26]. In our study, we found that UA lev-
els significantly reduced in both sex in an unregulated
diabetic group which are speculated by losing UA with
glucose (Table 4). The findings can be explained by
enhanced proximal tubule reabsorption early in the
course of dysglycemia that decreases with the ensuing
glycosuria at the late stage of the disorder in females.
But in males this statement need some additional ex-
planations.

Recent evidence has emerged from several large
epidemiological studies indicating that SUA levels are
an independent risk factor and predictor of T2D, with
a 17% increment in the risk of T2D per 1 mg/dl in-
crease in SUA levels [17]. We have observed that SUA

J Clin Exp Invest

www.jceionline.org

Vol 7, No 1, March 2016



Basaran N, et al. Uric Acid Levels in Patients with Diabetes Mellitus 5

levels may be early warning system with HbAlc when
evaluating prediabetic patients (Figure 2).

We found that SUA levels increased with age in
females (Figure 1), and there was no significant differ-
ence in males (Figure 1). This increase has become sig-
nificant after the age of 40 between each decade (Table
3) Therefore it can be stated that SUA levels may give
important clues with HbAlc levels while monitoring
prediabetic females older than 40 years old.

The present study had several limitations. First,
this was a retrospective observational study carried
out in a single institution. Secondly, the artificial con-
version between serum creatinine values obtained in
different periods was a limitation. Thirdly the exclu-
sion criteria could not strictly controlled because of
huge size of the working group.

In conclusion, we found that age is an important
factor in differences of SUA levels between female
subjects. The peak values of SUA were detected in
prediabetic group of males but in females diabetic
group showed the same peak values.
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