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Elevated uric acid level decreases glycated hemoglobin

in type 2 diabetes mellitus
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ABSTRACT

BACKGROUND

Type 2 diabetes mellitus is a heterogeneous disease which is characterized by
variable degrees of insulin resistance and impaired insulin secretion. Uric acid
has been identified as a marker for a number of metabolic and hemodynamic
abnormalities. In diabetic patients, there is biochemical interaction between
serum glucose and purine metabolism, with increased excretion of uric acid
during hyperglycemiaand glycosuria. The objective of thisstudy wasto evaluate
the correlation of serum uric acid levels with glycated hemoglobin (HbA1c)
and blood glucose levelsin type 2 diabetes patients.

METHODS

A cross sectiona study from May until July 2014 had been donein 82 type 2
diabetes patients. Serum was analyzed for uric acid, fasting and 2-hour post
prandial blood glucose and lipid profile. Spearman correlation test was used to
assess associations of HbA1c, fasting and post prandial blood glucose with
serum uric acid levels.

RESULTS

There was a negative correlation of HbA1c with serum uric acid levels (r=-
0.407; p=0.000) and of fasting and post prandial blood glucose with serum
uric acid levels (r=-0.338; p=0.002 and r=-0.318; p=0.004, respectively).

CONCLUSIONS

Serum uric acid level was associated with HbA1c, fasting and post prandia
blood glucose suggesting asignificant role of serumuric acid in the deterioration
of glucose toleration.
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r

Peningkatan kadar asam urat menurunkan hemoglobin terglikasi
pada diabetes melitustipe 2

ABSTRAK

LATAR BELAKANG

Diabetes melitus tipe 2 adalah penyakit heterogen dengan karakteristik derajat resistensi insulin dan gangguan
sekresi insulin yang bervariasi. Asam urat telah diidentifikasi sebagai penanda pada sejumlah abnormalitas
metabolik dan hemodinamik. Resistensi insulin dapat menyebabkan hiperinsulinemia yang meningkatkan reabsor psi
sodium dan air, termasuk asam urat dari ginjal. Pada pasien diabetes melitus, dijumpai interaksi biokimiawi
antara glukosa serum dan metabolisme purin, dengan peningkatan ekskresi asam urat selama hiperglikemia dan
glikosuria. Penelitian ini bertujuan untuk menetukan adanya hubungan antara kadar asam urat serum dengan
HbAlc, glukosa puasa dan 2-jam post prandial pada pasien diabetes melitus tipe 2.

METODE

Penelitian potong lintang dilakukan pada 82 pasien diabetes tipe 2 antara bulan Mei dan Juli 2014. Serum diambil
dan dilakukan pemeriksaan kadar asam urat, kadar glukosa darah puasa dan 2-jam post prandial dan profil lipid.
Uji korelasi Spearman digunakan untuk menilai korelasi antara HbAlc, kadar glukosa darah puasa dan post
prandial dengan kadar asam urat serum.

HASIL
Dijumpai korelasi negatif antara HbAlc dengan kadar asam urat (r=-0,407; p=0,000), kadar glukosa darah
puasa dan post prandial dengan kadar asam urat serum (masing-masing, r=-0,338; p=0,002 dan -0,318; p=0,004).

KESIMPULAN
Kdar asam urat berhubungan dengan kadar HbA1c, glukosa darah puasa dan post prandial. Hal ini menunjukkan

~

Kata kunci: Asam urat, HbAlc, DM tipe-2

peran asam urat pada keadaan memburuknya toleransi glukosa.

INTRODUCTION

According to the American Diabetes
Association (ADA) diabetes mellitusisagroup
of metabolic diseases characterized by
hyperglycemiaresulting from defectsininsulin
secretion, insulin action, or both.®

Uric acid has been identified as a marker
for a number of metabolic and hemodynamic
abnormalities. Insulin resistance can lead to
hyperinsulinemiawhich increases reabsorption
of sodium and water, including uric acid from
the kidneys.>® A meta-analysis showed that the
risk of type 2 diabeteswasincreased by 6% per
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1 mg/dL increment in serum uric acid level.®
Choi et al.® and Kaur et a.® reported that the
serum uric acid level sincreased with moderately
increasing levels of glycated hemoglobin
(HbA1c) <7% and then decreased with further
increasing levels of HbA1c >7% (abell-shaped
relation). Meanwhile Meera et al.” reported a
negative correlation of serum uric acid with blood
glucosein type 2 diabetes.

Previous studies reported that serum uric
acidin type 2 diabeteswas|ower when compared
with pre-diabetes and healthy population,
especially in diabetes mellitus patientswith blood
glucose levels of >10 mmol/L (>180 mg/dL).
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This probably reflects the biochemical
interaction between serum glucose and purine
metabolism, with increased excretion of uric acid
during hyperglycemiaand glycosuria.®

Rodriguez et a .© aso reported that the
incidence of gout among diabetes patients was
lower, as compared with individuals with no
diabetes and the inverse associ ation was stronger
with type 1 diabetes than with type 2 diabetes
and was stronger among men than women. Nan
et al.“9found alinear correlation between serum
uric acid with fasting and 2-hour post prandial
blood glucose where serum uric acid
concentration increased with increasing fasting
blood glucose levels up to 7.0 mmol/L, but
notably decreased when fasting blood glucose
over 7.0 mmol/L, withanincreasing trend in the
uric acid concentration at 2-hour post prandial
glucose <10.0 mmol/L and adecreasing trend at
2-hour post prandial glucose >10.0 mmol/L.

On the basis of the abovementioned
information, considering that there are contrary
results and only few studies that have analyzed
the relationship between serum uric acid and
HbA1c in type 2 diabetes, the objective of the
present study was to determine the correlation
of serum uric acid levels with HbA1c, fasting
and 2-hour post prandial blood glucose in type
2 diabetes patients.

METHODS

Research design

A cross-sectional study was conducted at
the Department of Internal Medicine of H. Adam
Malik Hospital, Medan, from May 2014 to July
2014.

Research subjects

The study population comprised type 2
diabetes patients who were treated at the
outpatient and inpatient clinics of the Department
of Internal Medicine. The study sample consisted
of individualsfrom the study population who met
the inclusion criteria, which were: males or
females>17 years of age, having type 2 diabetes,
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and willing to participate in the research. The
exclusion criteriawere: type 1 diabetes, anemia
(males with Hb <12 g/dL or females with Hb
<11 g/dL), gouty arthritis, and serum creatinine
>1.5 mg/dL. The study subjects were selected
by consecutive non-random sampling. We used
the sampl e size cal cul ation method to determine
the minimum single sampl e using the coefficient
of correlation.*Y To calculate the sample size,
we used a previous study by Gill et al.*? who
reported a coefficient of correlation of
approximately -0.532. The calculated sample
sizewas 82, which was estimated to be adequate
to detect a 30% difference between the two
groups using a two-tailed test, an alpha of 0.05
and power of 80%.

Data collection

All study subjects were interviewed using
a questionnaire for age, gender, history and
duration of diabetes. Subjectswere measured for
height, weight and body massindex (BMI). The
blood pressure was measured in a quiet room
with the participant seated.

Laboratory analysis

Laboratory studies comprising routine
blood parameters, serum uric acid, fasting and
2-hour post prandial blood glucose, HbA 1c and
lipid profile [total cholesterol, low density
lipoprotein (LDL) cholesterol, and high density
liprotein (HDL) cholesterol], were measured with
the COBASS automated analyzer.

Satistical analysis

The Kolmogorov-Smirnov normality test
was used to assess the normality of distribution
of thedata. The Pearson correlation test was used
to assess correlations of HbA 1c, fasting and post
prandial blood glucose with serum uric acid for
normally distributed data, and the Spearman
correlation test for non-normally distributed data.
Statistical analysiswas performed with the SPSS
statistical package for Windows, version 17.0,
and a p-value of <0.05 was considered
statistically significant.
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Table 1. Baseline characteristics of diabetic type 2 subjects (n=82)

Variahles n

G ender

IMdle 40 (48 20%)

Female 42 (51.20%)
Soge (yrd _ 5910 £9325
E odym assindex (kgim?) 2730 £369
Syaalic blood presswe (mmHg 12720 £7.07
Diastolic bl ood pressure (mmHg) TE2.00 £ 5.50
Haemoglobin(mgdl) 1350 £1.53
Glycated ham oglobin (%) 224 £1 83
Creatinine (mgidl) 090 £0.27
Uric arid (mgfdl) 660 £2.12

Fasting blood glucoze (mg dl)

2-how post pratdial Wlood glucose (mgfdl)
T otal cholesterol (mgdl)
Triglywerides(mg d)

HDL cholesteral (i gfdl)

LDL cholestercl (mg'd)

162 a0 £ 7430
290 90 £103 89
22110 £ 4373
1o .10 £113 23
4390 £11.12
131.10£31 65

Ethical clearance

The study protocol was approved by the
Health Research Ethical Committee, Faculty of
Medicine, University of Sumatera Utara. All
study subjects signed written informed consent
after having been informed about the aims and
benefits of the study.

RESULTS

During the study period 82 study subjects
with diabetes mellitus type 2 were obtained
consisting of 40 males (48.8%) and 42 females
(51.2%), with mean age of 59.12 + 9.25 years
old and mean body mass index of 27.33 + 3.69
kg/m?. From measurement of serum uric acid we
found mean uric acid levels of 6.69 + 2.12 mg/
dL. Mean HbA1c was approximately 8.24 +
1.83%, while mean fasting blood glucose and 2-
hour post prandial blood glucose were

approximately 168.6 + 74.3 mg/dL and 290.91
+ 103.89 mg/dL, respectively (Table 1).

Using the Spearman correlation test, we
found afairly significant negative correlation of
HbA 1c, fasting and post prandial blood glucose
level with serum uric acid levels (r=-0.407;
p=0.000, r=-0.338; p=0.002, and r=-0.318;
p=0.004, respectively) (Table 2).

DISCUSSION

In this cross sectional study involving 82
type 2 diabetes mellitus subjects we found a
fairly significant negative correlation between
HbA1c and serum uric acid levels in type 2
diabetes patients, where with higher uric acid
valuesthe HbA1c levelsactually decreased. Gill
et al.*? showed acontrary result, where HbA 1c,
serum insulin and serum uric acid parameters
were found to beincreased in patients with type

Table 2. Correlation of serum uric acid with glycated hemoglobin, fasting blood glucose,
and 2-hour post prandial blood glucose in diabetic type 2 subjects

Uric acid P
Glycated hemoglobin -0.407 0.000
Fasting blood gducose -0.338 0.002
-0.31% 0.004

2-how post prandial bWlood ﬁlucu:-se
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2 diabetes mellitus as compared to their levels
in controls. In newly diagnosed diabetic patients
serumuric acid levelslinearly increased with an
increase in HbAlc levels. Previous studies
showed that uric acid was found to be of
prognostic valuein patientswith type 2 diabetes
mellitus and confirmed coronary artery disease,
where uric acidincreased all-cause mortality and
cardiac mortality risk by approximately 29% and
15%, respectively, for each standard deviation
increase in the logarithmic scale of uric acid
level.d

Choi et al.® and Kaur et al.®® reported that
serum uric acid levelsincreased with moderately
increasing levels of glycated hemoglobin
(HbA1c) <7% and then decreased with further
increasing levels of HbA1c >7% (abell-shaped
relation). The study by Cervanteset al.*¥ showed
that the serum concentration of uric acid had a
positive relationship with the total phase of
insulin secretion, even in the state prior to
hyperuricemia and thus uric acid can play an
important role in the function of the betacell in
patientswith type 2 diabetes. A study in diabetic
patientsfound anegative and inverse relationship
between serum uric acid and HbA 1c. Hence, in
that study uric acid was found to be a potential
biomarker of the glucose metabolism. @ Another
study in Sarajevo showed there were no
significant correlations between uric acid and
both HbAlclevelsand BMI intype2 and type 1
DM.(®

Our study also found a fairly significant
negative correlation of serum uric acid with
fasting blood glucose and 2-hour post prandial
blood glucose, which agrees with the study by
Meeraet al.” who reported anegative correlation
of serum uric acid with blood glucosein type 2
diabetes patients.

The study by Nan et al.(*® showed alinear
correl ation between serum uric acid with fasting
and 2-hour post prandial blood glucose but only
with increasing fasting blood glucose levels up
to 7.0 mmol/L and post prandial blood glucose
levelsup to 10 mmol/L, and then serum uric acid
notably decreased with fasting blood glucose
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over 7.0 mmol/L and post prandial blood glucose
over 10 mmol/L. Fan et al.*” reported that serum
uric acid in individuals with impaired fasting
glucose and/or impaired HbA1c was strongly
associated with 2-hour post prandial blood
glucose, independent of fasting plasmaglucose
and HbA1c and other established risk factors,
wherea1.53 mg/dL increment of serum uric acid
was significantly associated with a 36% higher
risk for 2-hour newly diagnosed diabetes in
multivariate logistic regression.

Thereareanumber of hypothesesto explain
the above negative correl ation between uric acid
and blood glucose. First, it probably reflectsthe
biochemical interaction between serum glucose
and purine metabolism, with increased excretion
of uric acid (uricosuria) during hyperglycaemia
and glycosuria.® Another hypothesisis that an
increase in the inflammatory response in DM
may have a direct protective effect on the
incidence of gout and hyperuricemiathat directly
produces an intense inflammatory response
against urate crystals which have anti-oxidant
and free radical effects.® Moreover, there are
conditionsthat interfere with purine catabolism
or synthesis of uric acid due to a chronic
inflammatory process.®19 Uric acid has been
also known as an antioxidant. This antioxidant
property might preserve or delay apoptosis and
improve &-cell function in diabetics and augment
insulin secretion.® Further studiesarerequired
on therole of uric acid as antioxidant in the
diabetic state.

A limitation of this study was the absence
of direct assessment of risk factors that may
affect the outcomes of uric acid levels both in
purine catabolism and chronic inflammatory
systemic response and the presence of poor
metabolic control, rena hyperfiltration and overt
nephropathy necessitating further research of
these factorsin the future.

CONCLUSION

Serum uric acid level was associated with
HbA 1c, fasting and post prandial blood glucose,
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suggesting a significant role of serum uric acid
in the deterioration of glucosetoleration.

ACKNOWLEDGEMENT

We thank all study subjects who agreed to

participatein the present study and all colleagues
who gavetheir advice to improve the manuscript.

<+

REFERENCES

204

American Diabetes Association. Diagnosis and
classification of diabetesmellitus. Diabetes Care
2013;36:67-74.

Krishnan E, Pandya BJ, Chung L, Hariri A,
Dabbous O. Hyperuricemiain young adults and
risk of insulin resistance, prediabetes and
diabetes: a 15-years follow up study. Am J
Epidemiol 2012;176:108-16.

Kramer CK, Muhlen DV, Jassal SK, Connor EB.
Serum uric acid levels improve prediction of
incident type 2 diabetes in individuals with
impaired fasting glucose: the Rancho Bernardo
study. Diabetes Care 2009;32:1272-3.

QinLV, Meng XF, He FF, Chen S, Su H, Xiong
J, et a. High serum acid and increased risk of
type 2 diabetes: a systemic review and meta-
analysis of prospective cohort studies. PLosOne
2013;8:e56864.

Choi HK, De Vera MA, Krisnan E. Gout and
the risk of type 2 diabetes among men with a
high cardiovascular risk profile. Rheumatology
2008;47:1567-70.

Kaur A, Kukrga S, Malhotra N, Neha. Serum
adenosine deaminase activity and its correlation
with glycated haemoglobin levelsin patients of
type 2 diabetes mellitus. J Clin Diagnos Res
2012;6:252-6.

MeeraKS, VasudhaK C, SushmithaJ. The study
of serum uric acid levels in non dependent
diabetes mellitus (NIDDM). Asian J Pharm Biol
Res 2011;1:260-6.

Choi HK, Ford ES. Hemoglobin Alc, fasting
glucose, serum C-peptide and insulin resistance
in relation to serum uric acid levels the Third
National Health and Nutrition Examination
Survey. Rheumatology 2008;47:713-7.
Rodriguez LAG, Soriano LC, Choi HK. Impact
of diabetes against the future risk of developing
gout. Ann Rheum Dis 2010;69:2090-4.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

Uric acid level and glycated hemoglobin

Nan H, Pang Z, Wang S, Gao W, Zhang L, Ren
J, et al. Serum uric acid, plasma glucose and
diabetes. Diabetes Vasc Dis Res 2010;7:40-6.
Madiyono B, Moeslichan S, Sastroasmoro S,
Budiman |, Purwanto SH. Perkiraan besar
sampel. In: Dasar-dasar metodologi penelitian
klinis. 4" ed. Editors: Sastroasmoro S, Ismael
S. Jakarta: Sagung Seto; 2011. p.348-81.

Gill A, Kukreja S, Mahotra N, Chhabra N.
Correlation of the serum insulin and the serum
uric acid levels with the glycated haemoglobin
levelsin the patients of type 2 diabetes mellitus.
J Clin Diagnos Res 2013;7:1295-7.
Ndrepepa G, Braun S, King L, Cassese S, Tada
T, Fusaro M, et a. Prognostic value of uric acid
in patients with type 2 diabetes mellitus and
coronary artery disease. Clin Sci 2013;124:259-
68.

Cervantes JAR, Zavala MGR, Ortiz MG,
Abundis EM, Sandoval CV, Chavez AT, et a.
Relationship between serum concentration of
uric acid and insulin secretion among adultswith
type 2 diabetes mellitus. Int J Endocrinol 2011.
Article ID 107904. doi: 10.1155/2011/107904.
Aziz KMA. Effect of serum uric acid in
augmentation of insulin secretion and
improvement of HbA1c in diabetic patients:
proposed statistical regression models for uric
acid, HbA1c and insulin. J Res Diabetes 2014.
Article ID 237887. doi:10.5171/2014.237887.
Babic N, Avdagic N, Music M, Huskic J,
Dizdarevic-Bostandzic A, Dervisevic A, et al.
Serum uric acid levels in Type 1 and Type 2
diabetic patients. Folia Medica 2013;48:43-9.
Fan HQ, Tang W, Wang ZX, Wang SJ, Qin YH,
Fu Q, et al. Association of serum uric acid with
2-hour postload glucose in Chinese with
impaired fasting plasma glucose and/or HbA 1c.
PLosOne 2013;8:e67759.

Li C,Hseh MC, Chang SJ. Metabolic syndrome,
diabetes and hyperuricemia. Curr Opin
Rheumatol 2013;25:210-6.

Puddu P, Puddu GM, Cravero E, Vizioli L,
Muscari A. The relationships among
hyperuricemia, endothelial dysfunction and
cardiovascular diseases. molecular mechanisms
and clinical implications. JCardiol 2012;59:235-
42.

Bowman GL, Shannon J, Frei B, Kaye JA, Quinn
JF. Uric acid as acns antioxidant. JAlzheimer’s
Dis 2010;19:1331-6.



